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(54) Title: PROCESS CHAMBER WITH INNER SUPPORT 

(57) Abstract 

An improved chemical va- 
por deposition reaction chamber 
having an internal support plate 
(40) to enable reduced pressure 
processing. The chamber has a 
verdcal-lateral lenticular cross sec- 
tion widi a wide horizontal di- 
mension and a shorter vertical di- 
mension between bi-convex upper 
and lower walls (12, 14). A cen- 
tral horizontal support plate (40) 
is provided between two lateral 
side rails (16, 18) of die cham- 
ber. A large rounded rectangu- 
lar apmure is formed in the sup- 
port plate for positioning a rotat- 
able susceptor on which a wafer is 
placed. The shaft of the suscep- 
tor extends downward through the 
aperture and through a lower tube 
depending from the chamber. The 
support plate segregates the reac- 
tion chamber into an upper region and a lower region (66, 68), with purge gas being introduced through the lower tube into the lower 
region to prevent unwanted deposition therein. A temperature compensation ring is provided surrounding the susceptor and supported by 
fingers connected to the support plate. The temperature compensation ring may be circular or may be buUt out to conform to die rounded 
rectangular shape of die support plate aperture. The ring may extend fardier downstream from die susceptor tfian upstream. A separate 
sacrificial quartz plate may te provided between the circular temperature compensation ring and die rounded rectangular ^)erture. The 
quartz plate rnay have a horizontal portion and a vertical lip m close abutment witii die aperture to prevent devitrification of die support 
plate. A gas injector abuts an inlet ilange of die chaniber and injects process gas into die upper region and purge gas into die lower region. 
The gas injector includes a plurality of independentty controlled channels disposed laterally across the chamber, die channels mergfaig at 
an oudet of die hijectcMr to allow mixing of die adjacent longitudinal edges of die separate flows well before reaching die wafer. 
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PROCESS CHAMBER WITH INIHER SUPPORT 

FieM of the Intfontinn 

This invention relates to process chambers for chemical vapor deposition or other processing of 
semiconductor wafers and the iilce. IIAore particniarfy, the invention relates to a process chamber capable of 
withstanding stresses associated with high temperature, low pressure processes, and having improved wafer 
temperature unifonnity and gas flow characteristics. 

Background of the Inveiitinn 

Process chambers for thermaHy processing semiconductor wefers are desirebly made of quartz (vitreous 
sIBcal or similar material because quartz is substantially transparent to radiant energy. Thus, radiant heaters may 
be positioned adjacent the exterior of the chamber, and a wafer being processed in the chamber can be heated to 
elevated temperatures without having the chamber walls heated to the same bveL On the other hand, quartz is 
des'rable because it can wHhstand very high temperatures. Quartz is also desvable because of its inert 
characteristics that enable it to withstand degradation by various processing gases and because of itt high parity 
characteristics. 

For applications in which the pressure within a quaru chamber is to be reduced much lower than the 
surrounding ambient pressure, cylindrical or spherical chambers are preferred from a strength standpoint because their 
curved surfaces can best withstand the inwardly directed force. However, when positioning a flat wafer for chendcal 
vapor deposition purposes where the deposition gases flow paraHel to the wafer, it is desirable that the chamber 
wall be paraHel to the facing flat surface of the wafer, to obtain even deposition on the wafer surface. UnKorm 
deposition is critical to obtain a high yield of acceptable products to be made from such wafer. However, a flat waO 
win collapse htwardly with reduced interior pressure sooner than will an outwardly convex wall of smiilar size and 
thickness. 

To handle the inwardly directed forces on flat wall chambers, gussets have been provided on the exterior 
of the walls extending generaDy perpendicular to the walls to which they are joined, as may be seen in U.S. Patent 
No. 4,820,918. That patent eiso Dhistrates gussets on the exterior of a chamber having upper and lower outwardly 
convex elliptical wells having a large radus of curvature, thus providing a somewhat flattened, but curved, 
conf^uration. This compronuse provUes some adifitionei strength from the curved wails while not affecting the 
evenness of deposition appreciably. One significant disadvantage of such design is that the external gussets 
complicate and mterfere with the external positioning of radiant heat lamps. Furthermore, the complexity and mass 
of the quertz gussets increases material and fabrication expense. 

Of course, flat walls can be made thicker to increase strength, but that adds cost and adversely affects 
beating and coojing characteristics of the chamber. 

U.S. Patent No. 5.085,887 discloses a chamber winch inckides a circular, slightly domed, or curved upper 
chamber wall to accommodate the load of reduced chamber pressure. The cffcular waR is provkfed with a greatly 
thickened peripheral flange that radially confhes the upper well to cause the domed wal to bow outward due to 
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thermal expansion, helping to resist the exterior ambient pressure in vaoium appficatioiB. The chamber re«pres a 
complex mechanism for clampbio the thickened exterior flanges of the upper and lower chamber waDs. 

Dub to the high temperatures associated with themiaOy activated chemical vapor deposition processes, the 
walls of the process chamber often heat up to a certain degree^ and chemical particulates are deposited theraon. 
These particulates can cause serious problems with the purity of the resulting processed wafer. As a result, there 
has been a large effort to reduce the bulMup of particulate matter on reaction chamber walls. One solution is to 
periodically etch the insides of the process chambers to remove tiie particulate matter before it accumulates to a 
harmful level. Unfortunately, quartz process chambers teke a long time to heat up do. to their high transparency 
to radiant heat. These periodic slow etch cycles thus reduce the maximum throughput of the machum 

There has also been attempts at controlfing the ges flow profile In paraBel across the wafer to be processed 
so as to create a more unifomi deposition. For example, U.S. Patent No. 5,221,558 dbcloses a system m whhdi 
the apertures through a gas Inlet manifold are varied in size to allow more gas through one section, typicaly the 
center section, as opposed to others. U.S. Patent No. 5.269.847 includes vehres for adjustment of pairs of gas 
flows merging into a number of independent streams distributed lateraUy upstream of the wafer to be processed. 
This system emphasizes the importance of channefing the various gas flows separately untD just before the wafer 
leading edge so as to prevent premature mixing and enable greater control over the fbw and eoncentratnn profiles 
of reactant and carrier gases across the wef er. 

Another problem which has not been sufficiently addressed in the prior art is that of recirculation of the 
process gas in paraOel flow reactors. More particularly, after the gas travels in paraflel over the wafer and 
susceptor, it may experience temperature gradients between the hot susceptor and cooler chamber wafls. This can 
lead to redrcubtions as the gas rises toward the walls and is subsequently cooled. Abo. the gas flow may be 
constricted proxtoiate en exhaust conduit which may create turbulence and recirculations. Recirculations from either 
source may migrate upstream to impact the unif omiity of ffaw in the area of the wafer thus reducing the uniformity 
of film deposition. 

Additionally, the temperature gradient across the wafer is nonunrfomi from the leadhig edge to the traHing 
edge. That is. the temperature of the gas is primarily determlmid by its proximity to the heat absortiing susceptor 
underneath the wafer. As the gas approaches and passes over the susceptor. it heats up fairiy quickly to a 
maxbnum temperature towards the downstream edge of the susceptor. and then drops off after traveling past that 
point This temperature nonunHormity may further negathrely affect fOm deposition uniformity. 

A need exists for en improved chamber for chemical vapor deposition purposes, ami other high temperature 
processes, that can be made of quartz or sMar materials and yet wfthstand the stresses faicident to reduced 
pressure processes. There is elso a need for a more uniform temperature and fbw emrironment surrounding the 
wafer to ensure more uniform deposition therwm. Abo. e more responsive fbw control system b needed. Finally, 
tiiere b a need for e more energy effbtant chemical vapor depositbn system wfth higher tiirougbput 
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Summary af thn if^nlm 

Briefly stated, the invention provides a process cliamber liaving thin upper and lower curved walls forming 
a flattened Gonfiguration. The upper and lower curved waits have a convex exterior surface and a concave interior 
surface. These walb are joined at their side edges to side rails, thus ghring the chamber a generally flattened 
elfipsoidal or lenticular cross section, wherein the internal height of the chamber is tess than the width or distance 
between the side waOs. An mtemai support extending across and joined to the side rails provides the sUength 
necessary to prevent conapse of tN chamber when operating bi a mode in which the hterior of the chamber is at 
a pressure lower than that outside the chamber. 

In a preferred form, the chamber upper and lower waRs are generely rectangular in shape, and the spaced 
side rails extend the length of the walls. This produces an elongated configuration. The internal support is bi the 
form of a plate that includes an inlet section extending to an hbt fbnge ami an outlet section extemlmg to an outlet 
flange, with a large opening between the two sections. The support plate essentially dhrides the chamber farto an 
upper and lower region. A susceptor is positioned in the opening bi the pbte, and is supported on a shaft that 
extends through a tube depending from the lower waO of the chamber. A semiconductor wafer or other element to 
be processed can be inserted through the inlet flange and supported on the susceptor approxunately afigned with the 
inlet section of the support plate so that processing gases may flow smoothly over the inlet support plate section 
and across the surface of the wafer to be processel hi this respect, the upper region of the cherober is preferably 
exchisively assigned to the task of wafer processing. 

The chamber upper and lower walls are preferably made of quartz and are constructed by cutting segments 
from a large diameter cySndrical tube, or otherwise formed nito curvilinear plates. These segments are welded to 
sidewaHs which may be molded or cut to shapes to faclBtate welding to the edges of the upper and tower waBs. 
It is also possible, but not preferred, to build this structure with elements having eDiptical. parabolic, or shmiped pbte 
cross sections, which are not well defined by simple circular, eifiptical or parabofic geometries. 

The support plate is also preferably made of quartz and located centered between the upper and lower waOs 
so that the stress on those walls is uniform. 

The chamber disclosed thus has the advantages of being able to withstand reduced pressure processing, 
being made into an tategral unit, aid not requirmg external support elements that interfere with the positioning of 
radiant beaters for transmitting radtent energy through the tMn quartz upper and tower waOs. Also, the internal 
support plate doss not biterfere with the flow of process gases through the chamber; and ui fact, assists n providing 
the desired gas flow by conductuig greater gas flow at the center of the ftow path than at the edges. Further, the 
internal support does not biterfere with the insertion or removal from the chamber of wafers, susceptors, or 
susceptor rhgs. 

In a stifl further aspect of the present mvention. an apparatus for chemical vapor deposition is provided 
which comprises walls definng a deposition chamber havbig a chamber gas inbt and outlet. A generally horizontal 
quartz nilet waU extends from the bdet of the chamber to a downstream edge definmg part of an opening for 
recewing a susceptor. A generaly circular susceptor is horizontally poshbmed ni the openmg and recehres a 
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semiconductor substrate for vapor deposition purposes. Tl» apparatus further include, » sacrificial quarti plate 
havmg a horizontal portion and a vertical lip extendtog into the opening closely adjacent to the downstream edge of 
the .niet waO to minimize vapor deposition on and devitrification of the downstream edge. In a particular 
embodanent. the horizontal portion of the quartz plat, rests on the miet waD. The portion of the opening defmed 
by the downstream edge is curved and the vertical fip may be curved to conform to the curved portion of the opening 
and ,s s«d to protect one half of the downstream edge of the inlet wal A second sacrificial plate may be provided 
havmg a vertical fip curved to conform to a curved edge of the susceptor or a ring positioned around the susceptor 
to protect a second haH of the downstream edge. 

In one particular embodiment the sacriflcial plate is supported beneath the inlet waH and its vertical Gp 
extends upward adjacent the downstream edge of the Met waO. The sacrificial pbte may be in the form of a tray 
that extends beneath the susceptor and ha, a central bole for recehring a shaft rotatably supporting th. susoqitor 
The apparatus may include a generally horizontal quartz outlet waU extendhq downstream from the susceptor and 
spaced therefrom, whereby an mIet end of the tray is supported be«»th the inlet wall and a downstream edge of 
the tray is supported beneath the outlet wall 

In another aspect the present invention provides a method of using a chemical vapor deposition chamber 
the chamber having a quartz horizontal inlet waB with a downstream edge defining a portion of an opening in which 
3 horBontaBy extending susceptor is positioned, adapted t. receive a substrate. The method inciudes positmning a 
vertical lip of a sacrificial quartz plate between the downstream edge of the inlet waO and the susceptor to minimizo 
the vapor deposition on end the devitrification of the downstream edge of the inlet wall A tomperaturo 
eomponation ring surrounding the susceptor and extending between the susceptor and the downstream edge of the 
«bt weO may be provided. A vertical I',, of the sacrificial plate is preferably positioned in a gap between the 
temperature compensation ring and the downstream edge of the inlet wall The method may include providing a 
short, horizontally extending flange on the upper edge of the vertical lip, with the flange extending upstream over 
the downstream edge of the bilet waO. 

hi a stin further embodiment the chamber also incbdes a quarti horizontal outlet waO with an upstream 
«ioe which, in combination with the downstream edge of the inlet wall and chamber, defines the opening in which 
the susceptor b positbmid. The ring b ckcutar and the sacrificial quartz plate has an mner diameter which closely 
conforms with the ooter dbmeter of th. ring. The quartz plate has an outer shape which conforms with and 
deswbly abuts against the opening, which pmfarably has a romided rectangular shape. In this maraier, the edges 
of the opennqi are protected from devitrifbation from repeated heatmg of the reaction chamber. The sacrificial 
quartz pbte b desirably shaped to closely fit withb. the opening with a minimum of ctaarence therebetween, and 
may be supported by modified fingers or support elemenu attached to the Met end outbt walk. 

In accordance with a further preferred embodiment the present bvention provides an apparatus for use in 
a chembal vapor deposition chamber comprising a temp«ature compensatbn ring having an interior edge defining 
a generally circular opening for receiving a susceptor «lapt.d to support a semiconductor, and a generally rectangular 
aitenor edge. Preferably, the ring has rounded exterior comers, a badbg edge, a trailing edge, end a pair of exterior 
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side edges. The shortest distance between the leading exterior edge and the interior edge is desirably less than the 
shortest distance between the trailing edge and the interior edge. The ring is. preferably made of graphite and has 
an inner generally hollow portion adapted to receive one or more temperature sensors therein. The ring has a 
generally flat, nontubular leading edge portion extending forwardiy from the hollow portion, and a generaOy flat, 
nontubular trailing edge portion extending rearwardly from the hollow portion. 

In another preferred embodiment, the present invention bichides a process chamber gas injector having 
multiple tuned ports distributed laterally across the width of the injector to control the velocity profOe of the process 
gas over the wafer to be processed. The faijector is preferably formed of two juxtaposed plates witii a plurality of 
flow control valves mounted in one. A single gas mput supplies a plenum common to the flow control vaWes so that 
an equal pressure of gas is provided upstream of tiie valve mechanisms of each of the vahres. Narrow channels bad 
from each valves to separated expansion chambers formed in the injector before the independently metered flows 
are mixed while passing through a slit-Eke opening forming an outlet of the injector. A smootiied ribbon of process 
gas with a predetemiined gas velocity profile is thus directed into the chamber and over the wafer. This ribbon of 
gas flow is formed a significant distance upstream of the wafer leading edge so as to provide adequate distance 
and time for die separate streams, of flow to blend togetiier by diffusion, tiureby smoothing the gas density profile 
laterally across the wafer. 

In another form, the present invention provides a quam process chamber having a support structure for 
a susceptor and wafer tiiereon. A temperature compensation ring surround the susceptor and is preferably made 
of tile same high tiiermal mass material as the susceptor to help maintain the temperature of the susceptor more 
uniform. Upper and tower banks of heat tomps are positioned outside of the chamber to heat the susceptor and ring. 
Oesrably, the bmps are sized tiie same as tin exterior dimension of the rmg to focus radiant energy where it is 
needed and conserve energy used by tiie system. In one embodiment, the ring has a circular interior edge sized to 
closBly surround tin susceptor ami a rounded rectangular exterior edge sized to fit ctoseiy within a similariy shaped 
aperture in an inner chamber support plate. 

Brief Descrintinn of the Drawinng 

Figure 1 is a perspective view of one embodiment of a process chamber of tiie invention. 

Figure 2 is a cross-sectional view on line 2-2 of Figure 1. 

F^ure 3 is a perspective view of one^ialf of tiie process chamber from a verticaMongitudinal plane tooUng 
along fine 3-3 of Figure 1. 

Figure 4 is a top plan view of the chamber. 

Rgure 5 b a vbw of tiie bilet end of the chandler. 

Figure 6 b a vbw of tin outiet end of the chamber. 

Figure 7 b a side etovational vbw of tiie chamber. 

Figure 8 b a cross-seetional vbw nhstratbg the chamber connected to a portion of a wafer processing 

s^m. 
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Rgure 9 Is a plan view of an alternative ring surrounding a susceptor and witMn an aperture of an inner 
chamber support plate. 

Figure 10 Is a plan view of a sacrificial plate positioned within an aperture in a chamber support plate. 

Figure 11 is a cross-sectional view illustrating a processing system envronment used in conjunction with 
a second endiodiment of the process chamber of the present invention. 

Figure 11a is a cross-sectlond view of the process chamber of Fpre 11; 

Figure 12 b an exploded perspective view of the second embodiment of the process chamber incorporatmg 
an enlarged temperature compensation rbig and a sacrificial quartz plate. 

Rgure 12a is a cross-sectiond view of the temperatwe compensstkm rings. 

Figure 13 is a top plan view of the sacrificial quartz plate shown in Figure ^t 

Figure 14 is a cross-sectional view tivough the sacrifkaal quartz plate of F^ure 11 

Figure 15 b a perspeetiya view of an altermnive sacrificml quartz plate for use in the chainber of the 
present invention. 

Figure 16 is a top plan view of the sacrificial quartt plate of Figure 15. 

Figure 17 is a cross-sectional view taken through the sacrificial quartz plate of Figure 16. 

Figure 18a is a top plan view taken along line 18-18 of Figure 11. showing the sacrificial quartz plate of 
Figure 13 instafled in the chamber of the present invention. 

Figure 18b is a top plan view showing the sacrificial quartz plate of Figure 15 installed. 

Figure 18c is a top plan view showing a pair of discrete sacrificial quartz plates at upstream comers of 
the chamber support plate aperture. 

Figure 19 is a side elevational view of one of the discrete sacrificial quartz plates shown in F«ura 18c. 

F^ure 20 is a bottom plan view of the discrete sacrificial quartz plate of Figure 19. 

Figure 21 b a vertmal cross-sectional view of a gas injector having multiple tuned ports for use hi the 
chamber of tiia present mvention. 

Figuro 21a b a detailed cross-sectional view of a portion of tiie gas bijector showing process gas flow 
chambers. 

Figura 22 b a rear elevational vbw of tiie gas injector of Figure 21 shown detached from the processing 
chamber and lustrating bitemal gas flow channeb. 

Figure 23 b a front etevational view of a rear flange half of the gas injector taken along line 23-23 of 
Figure 21. 

Figure 24 b a horizontal cross-section of tiie gas injector taken along line 24-24 of Figure 21 showing a 
region m which processed gas b expanded. 

Figure 25 b a vertical cross-sectional new tiirough the rear flange half taken along line 25-25 of Figure 
21 showing bitemal fluM cooBng channeb. 

Figure 26 b an enbrged cross-sectional vbw of a needb vahre used in the gas injector of tiie present 

bnrentRin. 
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Figure 27 is a cross-sectional view of a further embodiment of a process cliamber incorporating a modified 
temperature compensation ring surrounding a susceptor and extending downstream of the susceptor and wafer to 
be processed. 

Figure 28a is a schematic vertical cross-section through a process chamber similar to that shown in Figure 
27 depicting a downstream structure in relation to the susceptor and wafer. 
Figure 28b is a plan view of Figure 28a. 

Figure 29a is a schematic vertical cross-section of a process chamber without the downstream structure 
showing radiant heat flow from exterior lamps. 

Rgure 29b is similar to Figure 29a with the downstream structure added showing the change in radiant 
heat flow within the chamber. 

Figure 30a is a schematic horizontal cross-section of a process chamber without tha downstream structure 
with arrows illustrating a typical temperature distribution across a wafer to be processed. 

Figure 30b is similar to Figure 30a with the downstream structure edded shoviring the change in temperature 
distribution across a wafer to be processed. 

Figure 31a is a schematic horizontal cross-section of a process chamber without the downstream structure 
showing typical deposition areas within the chamber. 

Rgure 31b is simflar to Figure 31a with the downstream structure added showing the change in deposition 

areas. 

Figures 32a and 32b are horizontal and vertical schematic views, respectively, of a process chamber without 
downstream structure illustrating potential gas recirculations therein. 

Figures 33a and 33b are horizontal and vertical schematic views, respectwely, similar to Figures 32a,b with 
the downstream structure added showing the change m gas flow therethrough. 

Figure 34 is a cross-sectional view of an altemathre process chamber having a structure downstream from 
a temperature compensation ring. 

Figure 35 is a cross-sectionai view of the process chamber of Figure 34 heving a temperature compensation 
ring extended downstream. 

Figure 36 is a cross-sectional view illustrating an upstream portion of a processing chamber incorporating 
a flow control channel 

Figure 37 is e cross-sectranal view through the flow control channel of Figure 36 looking toward an inlet 
flange of the chamber. 

Figure 38a is a top view of the chamber and flow control channel of Figure 38. 
Figure 38b-d ere top views of the chamber of Figure 36 showmg various flow control channels. 
Detaned Descriotion of tha Prafamiri Emhoriimeiit 

lenticular Procass Chamhpr 

Referring to Figures 1-1 1, one embodiment of a reactor vessel or chamber 10 for chemical vapor processing 
and the like is ilhistrated. As can be seen, the chamber 10 has an elongated, generally flattened configuration which 
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In cross section has a generally ienticiilar shape. A lenticular shape has opposed biconvex surfaces which may have 
circular curvatures. The chamber has an upper wall 12 with an outer convex surface and an inner concave surface, 
and a lower wall 14 with an outer convex surface and an inner concave surface. The waUs 12 and 14 are 
connected by vertically short side raHs 16 and 18. These waOs and side rais are further joined by an upstream inlet 
end flange 20 and a downstream outlet end flange 22. Upstream and downstream relate to the direction of process 
gas flow, as will be described, and are synonymous n the present description with front and rear. 

The chamber height is less than the chamber width. In this respect, a longitudinal direction for the chember 
10 extends from the inlet end flange 20 to the outlet end flange 22, or along the section fimi 3-3. A lateral direction 
extends between the short side rails 16 and 18. or along the section fine 2-1 The height direction is perpendicular 
to both the longitudinai and lateral axes. Looking at the end view of Rgure ^ the lentieuiar chamber ID has a major 
dnnension extending between the side rails 16 and 18, and a minor dimension extending between the apexes of the 
upper and lower waOs 12, 14. 

Vlfith reference to figure 4. both the upper waD 12 and the lower wal 14 are thin, curved plate^ilce 
elements having a rectangular flat vertical projection. The walls 12 and 14 desirably have a circular radhis of 
curvature and may be formed by segments cut from a cylindrical tube made of quartz or similar materiaL In larger 
chambers, the wails 12 and 14 may be constructed by heating and forming flat quartz plates. Unwanted stresses 
are introduced in curved walls with varying radn and thus a circular wal with a constant curvature is the optimum 
design. In one preferred embodiment, the upper waH 12 and lower wall 14 have a radhis of curvature of 
approximately 24 inches, and have a thickness of between 4 and 6 millimeters, and more preferably the waB 
thickness is approximately 5 milfimeters. Although quartz is preferred, other materials having similar desirable 
characteristics may be substituted. Some of these desirable characteristics ira:hide a high melting pohit, the abifity 
to withstand large and rapid temperature changes, chemical mertness, and high transparency to light 

The thick side raib IB, 18 may be machmed from a quartz rod of rectangular cross section or otherwise 
formed bito the cross sectional shape iustrated In figure 1 More specHfasally. each side rail 16, 18 inchides a 
reinforced mabi body havmg an upper surface 24 that forms a contimiation of the curved exterior surface of the 
upper wan 12, and a tower surface 26 which is curved to fomi a contimiation of the exterior surface of the lower 
waH 14. The bteraBy exterior surface 28 of each sMe rai IB, 18 is flat and extends vertically: The interior surface 
of each side rafl IB, 18 is formed with hmgitudimiliy extending upper ami lower recesses 30a, 30h that create upper, 
middle and tower stub waD segments 32a, 32b, 32c respectively. The upper and tower stub wall segments 32a, 
32c mate with the side edges of the upper ami lower walls 12 ami 14 at longitudmai weld joints 39. In one 
embodbnent. the mato body of the side rails 18. 18 has a thtokness or width dinenston of about 20 mm and a height 
of about 21 mm. 
inner Chamhar ^iippnr^ 

In accordam» with the bnrentton. there is prmrided a support or stringer preferably m the form of a flet. 
rectangular ptote 40 that extends between the side rate 16 and 18. As seen in figure 3. the support plate 40 
inctodes an aperture 42 defining a void or openng 44 extendtog across the width of the chamber 10 and dhriding 
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the support plate into an inlet section 468 and an outlet section 46b. The inlet section 46a extends from the inlet 
flange 20 to an upstream edge of the open'mg 44. and the outlet section 46b extends from a downstream edge of 
the opening 44 to the outlet flange 22. As may be seen from Rgure 4, the bilet section 46a of the support plate 
is shorter in the longitudinal direction than is the outlet section 46b. More specifically, in a preferred arrangement, 
the miet section is about 70% of the length of the outlet section. That proportional arrangement relates to the 
process gas flow through the chamber rather than to the strength characteristtes of the chamber waOs. 

As best seen in Figure 2, each of the side rsils 16 and 18 bicludes the inwardly extend'mg central stub wan 
32b that in effect forms an extension of the support plate 4a in this respect, the support plate 40 in practice 
terminates at the main body of the side rails 16, 18, or, in other words, at the laterally outer extent of the rraesses 
30aji. Longitudinal joints 48 indicate the welded connection between the lateral edges of the support plate 40 and 
the central stub walls 32b of each of the side rails 16 and 18. 

In an important aspect of the chamber 10, the central stub walls 32b precisely bisect the upper and lower 
walls 12 and 14, and the support plate 40 thus lies on the exact centerGne or center plane therebetween. This 
desirable location creates stresses only within the plane of the plate 40 miposed by lateral displacement of the side 
rails 16, 18. Such displacement occurs m reduced pressure processing as the wafls 12, 14 try to flatten out and 
exert outward forces thereto. By designing this symmetry, the support plate 40 undergoes no sigm'ficant bending 
or shear stresses and is able to thus withstand greater overeO normal stresses. 

fiilEiiogis 

Referring to Figures 1 and 3, each of the end flanges 20, 22 comprise outer, generally rectangular slabs 
50, 51, respectively, beving chamfered comers 52 and Inner lenticular shaped extensions 54. As seen from Figure 
3, the inner extensions 54 conform to the shapes of the upper and lower waDs 12, 14 and the control support plate 
40. More particularly, short longitudinal portions ntend from the slabs 50 to join with each of these plate like 
members. At each end of tiie chamber 10. curvifinear weld joints 56 are formed between the curved upper and 
lower wells . 12. 14 and the upper aid lower portions of die exten^n 54, whie finear jomt lines 58 are defined 
between central portions of the extension 54 and the longitudinal ends of the support plate 40. The slab 50 of the 
faiiet flange 20 mchides a laterally extending aperture 60 in an upper portion which leads into a region 66 within the 
chamber 10 above the support plate 40 and below the upper waD 1Z The sidi 51 of the outlet flange 22. m 
contrast, includes a pair of laterally extending apertures 62 and 64. The upper aperture 62 conmiunicates with the 
upper ragion 66 of the chember 10 previously described, while the tower aperture 64 communicates with a lower 
region 88 of the chamber 10 below the support plate 40 and above the lower wal 14. The rounded recesses 30a,b 
hi the ade rais 16, 18 define bteral boundaries of the upper and lower regions 66. 68. As win be described below, 
the wafer processing is done to the upper region 66 only, with the support plate 40 defining the lower boundary of 
the process zme. 
Sunnort Wate Onaninii 

The opening 44 is dinensioned to receive a susceptor 70, as Hustrated m Figure 8, and a temperature 
compensation ring 72 which surrounds the susceptor. The susceptor 70 is adapted to rotate within the stationary 



ring 72 and is preferably spaced therefrom across a smaB annular gap of about 0.5 to 1.0 mm. The centerGne of 
the ring 72 is schematically illustrated h Figure 4 by the broken Gne drele 74 shown therein. The shape of the 
aperture 42 in the support plate 40 surrmmding the ring 72 can also be made circular so that the edges of the 
opening 44 would be in close proximity to the ring. However, it has been found that somewhat of a rectangular 
aperture 42 having rounded corners, as shown in Figure 4, b preferred. The support plate sections 46a,b may be 
cut to provide those exact shapes; or for manufacturing convenienco, short, somewhat triangubr sections 76 of fiBl 
shown in Rgure 4. may be welded to the plate sections and the chamber side rails 16. 18 to provide the desired 
configuration. 

During use, pressure differentials between the interior of the chamber 10 and the outside ambient pressure 
create stresses in both the upper and lower waOs 12. 14 and the side rails 18, 18. The iateraly inward and 
outward movement of the side raOs 16. 18 is restricted by their fixed attachment to the central support plate 40. 
In vacuum processmg, as mentioned above, the waDs 12. 14 wl attempt to flatten out which Imparts gemiraBy 
outward forces on the side rails 18. 18. The support plate 40 Is pbced in tension ami restricts outward 
displacement of the side raSs 16. 18. Between the mlet and outlet sections 48a,b. however, there is no support 
for the side rails 18, 18 and along this region some displacement is possible causing stresses m the raHs. Finite- 
element analyses have shown that a rounded rectangular aperture 42 is preferable to a completely circular aperture 
because the maximum stress in the plate iDustrated is spread across a length of the aperture, whereas with a circular 
aperture, the greatest stress point would be at the points on the plate along its centerline. Put another way, the 
rectangular aperture 42 defines two opposed lengths extending laterally between the side rails 12. 14 over which 
the maximum stresses are distributed, as opposed to at two opposed points on a circular aperture. 

It wil be mited that the circle 74 shown in Rgure 4 is not centrally positioned with respect to the 
upstream and downstream ends of the chamber, or with respect to opening 44. Instead; the upstream or leading 
edge of the drele 74 is doser to the downstream edge of the inlet plate section 46a than is the downsueam or 
trailmfl edge of the circta to the upstream edge of the outlet plate section 46b. This arrangement helps maintam 
the strength of the chamber by redocbig the rate of devitrification of the upstream edge of the outlet plate section 
48b. That is, the gas flow heats up as It passes mrer the susceptor so that the temperature in the chamber walk 
tmids to be the greatest just downstream from the susceptor. The upstreem edge can therefore be exposed to 
significant thermal cycGng and devitrification if too close to the susceptor, and thus the susceptor is offset forwardly 
within the openmg 44 to mcrease the spacmg therebetween. In snne configurations, this offset arrangement also 
affects the flow of the process gases through the chamber. More particubriy. the wafer placed upon the susceptor 
wWch is surrounded by the ring is positioned dose to the dmmistreamedge of the Met plate section 46a to minimize 
the amount of reaction gases whmh pass through the opening 44 upstream of the wafer. This minimizes the amount 
of reaction gas which can deposit umfemeath the susceptor h the faiwer portion 68 of the chamber m 

s^""*""""^rtmiHftnii;tiin 

As seen from Fqure 8. the temperature compensation ring 72 is supported by three elbow-shaped support 
elBinants having vertically extending portions bebig welded to the support phte sections. More spedfically, a front 
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support ehmsnt or finger 80 is welded to the rear of the front plate section midway between the rails 16, 18 of 
the chamber, and the horizontal portion of the element extends rearwanUy into the opening 44 so as to be positioned 
under the leading edge of the temperature compensation ring 72. A pair of spaced eiemenu or fngers 82 have 
elongated horizontal portions that extend f orwardiy beneath the traHing edge of the compensation ring 72 as seen 
in Hgure B. as weB as Figures 2-7. The compensation ring 72 is thus supported in a horizontal plane at three pohits 
by upstanding pins (not shown) n the fingers 80 and 81 The pins may eventually deteriorate from repeated thermal 
cyclmg and exposure to process and etch gases; but they can be replaced fairly readily. 

A susceptor 84 is shown supported on arms 86 of a suitable support 88 connected to the upper end of 
a rotatabie shaft 90 that extends through a tube 92 depending from the bottom waO of the chamber. The susceptor 
84 is shown approximately level with the upper edge of the ring 72 ami with the upper surface of the support plate 
40. This enables a wafer to be positioned above the susceptor 84 and bi the upper portion 66 of the process 
chamber 10. 

Stin referring to Figure 8, the inlet flange 20 is adapted to be connected to an inlet component 94 having 
a horizontally elongated slot 96 through which a wafer may be Inserted, and having an etongated inlet 98 for 
introducing process gas into the upper portion 68 of the chamber aftw an isolation valve leading from the slot 96 
to a wafer handling chamber (not shown) has been closed. Correspondingly, the outlet flange 22 is adapted to mate 
with an outlet component 100 for exhausting process gas from the chamber 10, as wefl as applying a vacuum to 
the chamber. As can be seen from Figure 8, the outlet flange 22 is open to the lower portion 68 of the chamber 
beneath the support plate as well as the portion 86 above the support plate. 

A pluranty of thermocouples 102 extends through the outlet component 100 and into the lower portion 68 
of the process chamber 10. The thermocouples 102 extend into proximity of the susceptor 84 to sense the local 
temperature surroundmg the susceptor 84 and wafer positioned there above. As has been described previously in 
US. Patent No. 4,821,674, the advantageous positioning of the sensing ends of the thermocouples 102 surroundmg 
the susceptor 84 alows comprehenshre feedback regarding the temperature of the wafer and enables adjustment of 
25 radiant heating lamps surrounding the chamber 10 to compensate for temperature irregularities. More particularly, 
a leading edge thermocouple 104 terminates proxfanate the front end of the susceptor 84, a trarmg edge 
thermocouple 106 termroates proxenate a rear edge of the susceptor and a lateral thermocouple (not shown) 
terminates proximate a lateral edge of the susceptor. Each of the thermocouples 102 enters the temperature 
compensation ring 72 which Is formed of two parts to provide a hoDow interior therein. Again, this ring has been 
30 described prevnusly in U.S. Patent No. 4,821,674, which is heraby expressly mcorporated by nference. The 
temperature compensation ring 72 includes generally L shaped hmer and outer bodies which cooperathrely define an 
annular passage through the ring for receiving the thermocouples 102. 

Preferably, the temperature compensation ring 72 is constructed of graphite or other such high heat 
absorbency material The ring 72 provides several advantages in the processing emriroranent. primarily reducing edge 
heat losses from the susceptor 84. More specifically, the ring 72 closely surrounds the edge of the susceptor 84 
ami is maintained at a sndar temperature durmg pracessmg, as the materials aro simiar. The susceptor and ring 
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thus radiate heat toward one another to effectively cancel any radiant losses therettetween. Another advantage of 
the temperature compensation rhg 72 is preheating and postbeating of the reactant gas in the region of tho wafer. 
Spacificalty, the reactant gas enters the chamber at an ambient non-reacting temperature and is heated to a 
temperature suitable for deposition as it passes over the susceptor and wafer. The surroundino temperature 
compensation rmg 72 thus preheats the reactant gas stream before it reaches the hading edge of the susceptor, 
and. subsequently, the leading edge of the wafer. The process gas thus reaches an approximately steady state 
temperature before travermg over the edge of the wafer. Additionally, the temperature of the gas does not 
significantly drop off after passing the downstream edge of the wafer as the temperature compensation ring 72 
extends the downstream heating region. Furdier advantages of the temperature compensation ring 72 wiU be 
described below with reference to moifiried rings. 

The gas f tow through the chamber is shown m Figure 8. Reactant gas enters tiireugh the hlet component 
94 with a predetermined lateral vqtocity profile, such as tiie profOs described in U.S. Patent No. 5,221,556. which 
is hereby expressly incorporated by reference. The predetermined vetocity profib provides e larger gas flow towards 
the central portion of tiie reaction chamber 10 tiian tiie htereHy outer edges to compensate for the longer deposition 
travel path over the center of the circular wafer supported on tiie susceptor 84. in otiter words, a greater amount 
of reactant gas is needed over the central portion of the wafer due to reectant depletion along tiiat flow patii over 
the wafer. Further, the cross sectional shape of tiie chamber 10, as best seen in Hgure 2, accommodates greater 
gas flow at the center of the chamber where greater reactant gas flow is needed, ratiier than at tiie lateral edges 
where less reactant gas flow b needed. 

The reactant gas continues longitudinally rearward as indicated by arrow 112 and exits through the outiet 
component 100 and downward through exhaust conduits 114, as indicated with arrow 116. Typically, purge gas 
is suppned upward through the holtow tube 92 surrounding the shaft 90, the tube being sized to provide a gas 
passage surrounding tiie shaft The purge gas entere the lower portion 68 of the chamber 10 as indicated by arrows 
118. The purge gas prevents unwanted deposition of particulates undemeatii the susceptor 84 and exits through 
tim lower longitudinal epertura 84 bi the outlet flange 22, as indicated by arrow 120. The purge gas then mixes 
wfli the spent reaction gas and continues down along the patii of arrow 116 through the exhaust conduits 1 14. 

The end flai^es 20, 22 are preferably translucent and fabricated from quartz having nitrogen bubbtos 
dispersed tiierein. The central tiiin walls li 14 and support plate 40, on tiie other hand, are transparent to radiant 
energy, allowing radiant heatbig of the susceptor and wafer in tiie chamber 10. without creating high temperatures 
in tiiese structures. The transbicent flanges 20, 22 scatter radiant energy to reduce "Bght piping" therethrough. 
Tbb protects 0-rings 122 outside of the flanges 20, 22 from exposure to extreme temperatures generated within 
tiia chamber 10. Preferably, a sectnn of the tube 92 below tim lower wall 14 is similarly transhicent from nitrogen 
bubbles dispersed tiierein. 

As mentioned, one advantage of tiie chamber discbsed is that it can witiistand reduced internal pressure 
witti relatively tirin quartz chamber waDs. For example, for a chamber designed to accommodate an 8-hich diameter 
wafer (epproximately 200 millimeten) tin upper and tower waBs 12. 14 may require a waO thiclcness of only about 
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5 milGmeters with the support plate thickness being about 10 mfllimeters. The chamber length between end flanges 
is about 600 millimeters, with the chamber width being about 325 miirimeters^ and with the height of the end flanges 
being about 115 millimeters. The dimensions for the chamber wiH obviously be modified for larger size wafers. For 
example, the present chamber invention is suitable for processing wafers having diameters of 200 millimeter, 300 
millimeter and even larger. Preferably, the relatwe cross-sectional dimensions wiH remain the same, and thus a wider 
chamber to accommodate 300 millimeter wafers wiB have a larger height. The increased height in the chamber for 
300 mHlmieter wafers will necessitate certain modifications to other subsystems, such as the radiant beat lamps 
disposed around the chamber for heatoig the susceptor and wafer. In short although the surrounding environments 
for processing 200 and 300 millimeter diameter wafers may necessarily differ in certain respects, these differences 
are within the skiD of one practiced in the art of process chamber construction and operation. 

The particular dimensions are, of course, gh^en merely by way of example in that chambers of various 
shapes and dimensions may be utiGzed with a support plate extending between side waOs, or across the longer 
dimension of the vertical-lateral cross section of the chamber. One generalization that may be made is that the 
overall chamber width is preferably approxenately three times the chamber height. This means that the upper region 
66 has a width-to-height ratio at the lateral centerline of approximately six. In the present embodiment, as 
mentioned above, the waOs 12 and 14 may have a constant curvature with a radius of 24 inches. It should be 
noted that if width-to-height ratio increases substantially, the upper and lower walls 12 and 14 flatten out and are 
less able to withstand bending stresses without failure when subjected to an inner vacuum. On the other hand, if 
this ratio decreases substantially, the curvature of the walls 12 and 14 becomes more pronounced and the heat 
lamps must be spaced farther from the wafer and susceptor 84, reducing control of the heat distribution around the 
wafer. The tenste stresses experienced by the support plate 40 increase as the width to height ratio increases and 
the chamber flattens out For a constant chamber vacuum, the tensile stress experienced by the support plate 40 
increases at a greater rate than the increase m the chamber width-to height ratio. That is, for example, starting from 
a cylindrical chamber shape having a wutth-to-height ratio at the lateral centerBne of 2:1 m the upper region 66, a 
doubling of this ratio to 4:1 results m a more than doubta mcrease m the stress imposed on the support plate 40. 
Any tensile stresses absorbed by the support plate 40 necessarily relieve inward bending stresses otherwise imparted 
to the curved chamber walls 12 and 14. Thus, an optimum chamber width-to-heigbt ratio may be determined which 
enables low pressure processing with a relatively low-profile chamber cross-section. 

The chamber 10 may also desirably retroftt into existing systems utilizing rectangular cross-sectional 
chambers, further increasing the utility of a low, wUe shape. The chamber shape beneficially enables the wafers 
to be inserted from one end, and enables replacement susceptors and rmgs to be inserted from the other end of the 
chamber. Such an arrangement also convenieiitly enables the gas flow to be introduced from end-to-end through the 
chamber with the gas flowing above the internal support plate approximately aligned with the wafer to be processed 
within the chamber. 

In an altemathre embodiment shown in Figure 9, a modified temperature compensation ring 72' is built 
outward to conform closely with the rounded rectangular aperture 42 in the support plate 40. The ring 7Z tiius 
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substantially seals the upper portion 66 and lower portion 68 of the reaction chamber 10 from each other. In this 

manner, reaction gas in the upper portion 66 cannot travel through gaps formed between the ring 72- and the 

aperture 42. possibly disrupting the uniform flow over the wafer. 

In a stiO further embodiment shown in Figure 10, a sacrificial quartz plate 124 is provided surrounding the 

circular ring 72. The sacrificial plate 124 has an inner diameter which closely conforms with the outer diameter of 
the ring 72, and an outer shape which confomis with and desirably abuts agabist the rounded rectangtdar aperture 
42. In this manner, the edges of the aperture 42 are protected from devitrification from repeated heating of the 
reaction chamber 10. This enables the sacrificial plate 124 to be replaced when it devitrifies from repeated beat 
cycles, while preserving the more expensive and permanently mounted support plate 40. bi practice, the pbte 124 
is shaped to closely fit within the aperture 42 with a minimum of clearance therebetween, but due to manufacturing 
tolerances enabling the plate to fit within the aperture, a contact fit is not possible. The plate 124 is preferably 
supported fay modified fingers 80, 82, or by separate support elements (not shown) attached to the support plate 
40. 

Process C hamber Assembly ProcerinrH 

Prior to describing further modifications to the present process chamber, the construction of the quartz 
chamber win be explained. The reaction chamber 10 is manufactured in a preferred sequence to ensure accurate 
dbmmsions end minimize the internal stresses within the component parts. More particularly, the reaction chamber 
10 is fabricated first by welding the two side rails 16 and 18 to the end flanges 20 and 22. As was described 
prevhiusly with respect to Figure 3. the flanges 20 and 22 each have inwardly directed extensions 54 which conform 
to tlie shape of the side rais 16 ami 18. Subsequent to connecting the side rails and end flanges, the assembly 
is amiealed at an elevated temperature to reduce htemai stresses. The central support plate 40 is then welded 
within the rectangular shape formed l>y the central stub plates 32b of the side rails 16, 18 and the central inward 
extensbns of the end fienges 20 and 22. After the support plate 40 is welded, the emire assembly is once again 
annealed to reduce internal stresses. The support elements 80 and 82 are then welded to the underside of the 
support plate 40 in the appropriate positions. The corner fntere 76 are welded in place to define the rounded 
rectangular aperture 42. All of the sharp edges within the chamber 10 are then ground down to smooth rounded 
edges. At this point, the upper and lower walls 12 and 14 are welded to both the side rails 18 and 18 and the 
end flanges 20 and 22. The assembly is once again amiealed to reduce internal stresses. The tube 92 is then 
welded bt place coaxially with a raumi aperture formed m the lower wal 14. 

The assembly is then fre peished at an elevated tempereture to cause the nirface of the quartz to melt 
slightly and smooth the surface formed by grinding and welding operations. The fire poGsMns b an essential step 
In the formation of the chamber 10 to strengthen the chamber for subsequent fabrication steps and use. HnaBy, 
the entire assembly is amiealed to reduce any residual interoai stresses. It is understood by those si^ilied in the art 
that quartz chamber fabrication is a complex mid delicate operation and is considered an art form. Tlius. the abmre- 
described praeedure is bitended to set forth one particuter manner of construction, and others could be folowed. 
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Severe internal stresses can be produced by locafized welding. To minimize stresses, tlie entire chember 
is preferably inserted into an elevated temperature oven and assembled therein. The sequence of events b as 
follows. The elements of the pocess chamber are positioned within a large oven havhig a large doorway thrmigh 
which a worker can reach and manipulate the chamber components. The oven is first sealed and raised to en 
5 elevated temperature, preferably approximately 900" C Once the particular temperature is reached and aB the 
quartz components therein are at that temperature, the large doorway is opened to allow access by tte welder. A 
number of heat screens or baffles are positioned eround the chamber between the hot quartz pieces and the doorway 
to reduce the radiated heat through the doorway. The screens are thus arranged to allow the welder access to a 
localized portion of the chamber to be welded, and minimize heat radiated from the hot quartz components 

10 surrounding that region. The welder is dressed appropriately m heavy weirmg gloves, a reflective suit and hebnet 
After the doorway to the oven is open, the temperature within reduces to ^proximately 500-700" C. Some 
supplemental localized heating may be required to replenish the heat loss through the open door. This supplemental 
heat may be provided, for example, with a blow torch, either focused or diffused. The aforementioned sequence of 
welding is then accomplished within the oven, with tiie oven door being closed and the chamber parts beng reheated 

15 periodically if too much heat is tast. This procedure greatiy reduces tiie bitemal stresses within the quartz pieces 
by avoiding large temperature gradienu tiierein. 
Processino System 

Figure 11 illustrates a particularly successfid arrangement of components surrounding a modified reaction 
chamber 130 to produce highly uniform chemical vapor deposition. Prior to describing the particulars of the modifed 

20 chamber 130, the processing environment wiD be described. The chamber 130 Inchides an inner support plate 132 
which is sbnilar to the inner support plate 40 as previously described, and thus includes an aperture 133 formed 
therein sized to receive a susceptor for supporting a semiconductor wafer. The support plate 132 is divided into 
a front section 135a upstream of the aperture 133 and a rear section 135b downstream of the aperture 133. A 
susceptor 134 is positioned on a plurality of radialy extending arms 136 of a central hub 138 mounted on a hollow 

25 shaft 140. The shaft 140 is, bi turn, rotated by a motor 142 disposed below the chamber 130. The rotational 
coupEng between the motor 142 and shaft 140 b explicitly described In U.S. Patent No. 4,821,674, previously 
mcorporated by reference. The motor 142 b preferably mounted on a fb»d frenw and inchides adjustment 
mechanbms for positnm'iq the susceptor 134 widiin tiie chamber 130. 

A wafer 144 b shown rastmg on tiie susceptor 134 in Figure 11a. A plurality of radiant heat lamps are 

30 arranged around the reaction chamber 130 to heat the susceptor 134 and wafer 144 thereon. A first bank of upper 
lamps 146 extends longitiidfaially witii respect to the chamber 130. A second lower bank of bmps 148 extends 
latwaUy witii respect to tiie chamber m The dbtraiution of tiie upper bank of lamps 146 b unimpeded so tiiat 
a regular sequence of lamps b provided across the lateral extent of the chamber 130. The bwer bank of lamps 
140, on tiie otiira- hand, b provUed on both sides of tin shaft 140, but b ducontinued in the region surrounding 

35 the shaft. One or more spot lights or directed bmps 150 are positioned under the chandler 130 and surroundbig 
s downwardly depending quartz tube 152 fomrad integrally witii the chamber 130. The tube 152 concentrfcally 
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receives the shaft 14a The tobe 152 and shaft 140 create an annuhr space therebetween which is used to inject 
a purge gas into a region underneath the susceptor 134. The purge gas flow is indicated by the arrows 154 m 
Figure 11a. The directed lamps 150 radiate energy to the underside of the susceptor 1H which may be shadowed 
by the shaft 152 and supporting stnictuie. The specific heating arrangement Is similar to tiiat described and 
iflustrated in U.S. Patent No. 4^38,138. wMch is hereby expressly incorporated by reference. 

The upper and lower banks of lamps 148, 148 are distributed in a generally rectangular configuration above 
and below, respectively, the susceptor region 134.- This arrangement, m combination with the directed lamps 150, 
focuses the radiant emvgy on the susceptor IM and the assocfoited wafer 144. In addition, the perpendicular 
orientation of the upper and lower banks 148. 148 further enhances onifonnity of heating of the susceptor 134. 
An enlarged temperature compensation ring 155 is shown in Figures 11 and 11a. and its specific structure wl be 
described in more detail below, it should be noted, however, that the peripheral shape of the modified temperature 
compensation ring 1 55 is generally rectangular and conforms to the projected columns of radiant heat from the upper 
and lower banks of lamps 146. 148. This arrangement is highly efficient ami results in more unifonn tnmperature 
across the susceptor 134. 

A gas injector 156 is positioned upstream of the process chamber 130 and inchides a phirality of reactant 
gas flow needle valves 158 for metering the reactant gas into the chamber through multiple ports. Reactant ps 
is metered through the injector 156 and thereafter passes through an inlet aperture 160 teading into an upper region 
182 of the process chamber 130. The reactant gas flow is indicated by the arrow 164 in Hgure 11a. The gas 
flows across the susceptor 134 and wafer 144, above the inner support plate 132, and exits through an outlet 
aperture 166 in the process chamber 130. The exhaust path is indicated with the arrow 168. Along with the 
previously described upward purge ftow 154, a longitudinal purge flow 170 is provided by the gas injector 158. 
More partiddariy, and as wiH be described m more detail below, the gas injector includes imier channels which open 
hto 8 lower region 172 of the process chamber 130 through a purge inlet aperture 174. The purge gas flow 170 
enters the lower region 172 and passes undermiath the susceptor 134 and surrounding structure, and exits the lower 
region through a purge outlet aperture 178, as bidicated with the arrow 178. 

Figure 11 illustrates a modified exhaust apparatus 180 which receives both the spent reactant gas flow 
168 and the exhaust purge gas flow 178. More partieubrly. a common plenum chamber 182 recehres the 
aforementbmed gas ftows and bads to an angled exhaust conduit 184 ta communication with an exhaust manifold 
188. The exhaust manifold 188 is attached to a suitable source of vacuum. The plenum chamber 182 is defined 
by a generally rectangular flange member 188 which is preferably water cooled with biternal passages supplied with 
cooling fluid through pipes 19a biternal cooling of the flange member 1 88 helps prevent deterioration of elastomeric 
seals between the flange member and tha process chamber 13a 
Modified Temperature Gnmnanaatiiwi ^ 

Figures 11. 11a and 12 IDustrate the aforomentioned modified temperaturo compensation ring 155 
surrounding the susceptor 134. The ring 155 b simiar in many respecu to the ring 72* previously described with 
respect to Figure 9. That is. the ring 155 » buOt outward to conform dosely to the rounded rectangular aperture 
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194 formed in the support plats 132 of the chamber 130, but is spaced therefrom to avoid degradation of the quartz 
support plate 13Z In one particular etnbodiinent, as indicated in Rgure 11a. the modified temperature compensation 
ring 155 comprises a lower annular U-shaped chamiel member 196, and an upper planar member 198. The upper 
member 198 includes an opening which is centered over the channel member 198 through the use of one or more 
integrally formed downwardly depending centering rings 199. which can also be small projections spaced m a circular 
pattern circle. The lower member 196 supports a plurality of elongated of thermocouples which, as previously 
described, extend from a downstream end of the chamber 130 thrmigh the purge outlet aperture 176 and into the 
lower region 172, and the ring 155. The ring 155 includes openings in its downstream end for receiving the 
thermocouples. 

There are preferably three thermocouples supported by the tempnature compensation ring 1 55. aH of which 
enter the chamber from the downstream end through the purge outlet aperture 17R The three thermocouples extend 
in parallel forward into the chamber underneath the support plate 132 and are spaced apart in the lateral direction. 
A middle thermocouple 199 is shown in Figure 11a extending just underneath the support plate 132 and terminating 
downstream of the susceptor 134. A second thermocouple 200 enters the ring 155 and curls around a circular path 
defined by the channel member 198 to terminate at a leading edge position, as seen in Figure 11a at the leading 
edge of the ring. A third thermocouple (not shown) also enters the ring 155 and curls halfway around the channel 
member 196 in the opposite direction from the second thermocouple 200 to terminate at a position midway between 
the leading and trailing edges of the susceptor 134. The combination of the three thermocouples thus senses 
temperature at the leading edge, traiBng edge, and one side edge of the susceptor 134. 

To enable the theimocoupies to enter the channel member 196, its rear end is formed by an elongated L- 
^ped portion 201 This portion is absent an exterior waD to aDow the thermocouples access to the interior of the 
channel Although not shown, the L-shaped portion may extend around an are sufficient m length to recehre the 
three entering thermocouples, or may comprise discrete portions at the locations through which each thermocouple 
passes tato tiie channel member 196. 

The upper planar portion 198 has an inner edge which is sized approximately the seme diameter as the inner 
wall of tiie channel portion 198 and closely conforms to but is spaced from the outer peripherel edge of the 
susceptor 134. An outer edge of the plenar member 198 extends outwardly from the outer wall of the channel 
member 196 and conforms closely whh tiie rounded rectangular aperture 133. Again, die ring 155 is preferably 
constructed of graphite having a large tiiermal mass to help insure tmnperatere unfformity across the susceptor 134 
and wafer 144. In alternative embodiments, however, the ring 155 may be constructed of a lower thermal mass, 
or even of quartz so that direct radiant heat from tiie banks of lamps 148, 148 and 150 can bnpmge on the edge 
of the susceptor 134. 

Witii reference to Figure 11a, an upstream gap 204 is defined between tiie ring 155 and tin upstream 
section 135a of the support plate 132. Likewise, downstream gap 206 is formed between the downstream edge 
of the ring 155 and the downstream section 13Sb of tiie support plate 132. The upstream gap 204 is sized slightly 
smaDer tiian tin downstream gap 208. The process gas which passes across tin susceptor 134 and wafer 144 
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is relatively cool toward the miet end of the chamber 130. As the process gas passes over the hot ring 155 and 
susceptor 134. it heats up to a maximum temperature at the trailing edge of the wafer. The ring 155 is thus 
subject to a higher temperature In the environment of the processing chamber at its downstream edge, as opposed 
to its upstream edge. Because the quartz is relatwely fragile and will deteriorate upon repeated thermal eycGng, the 
gap 206 is made sfightly larger at the downstream edge of the ring 155 to prevent excesshre heating of the quartz 
by the ring 155 at that location, bi one embodiment, the upstream gap 204 is about 4 millimeters, whOe the 
downstream gap 206 is about 5 miTuneters. 
Sacrificial Quart? plgta 

The process chamber 130 of Figure 1 1 further incorporates a sacrificiai quartz plate 210 to protect the 
upstream edge of the aperture 133. As seen in Figure 12-14. the sacrificial quartz pbt. 210 comprises a horizontal 
planar portion 212 and a vertical curvilinear lip 214. The horizontal portion 212 further bwludes a large central 
aperture 216 which is sized to receive the drive shaft 140 and hub 138. The horizontal portion 212 extends 
underneath the susceptor 134 and is supported by three fingers 218 depending from below the central support plate 
132. The fingers 218 are much like the support fingers 80 and 82 described previously with respect to the first 
chamber embodiment More particulariy. a front finger 218a is centrally disposed across the lateral width of the 
upstream section 135a of the central support plate 132. A pair of downstream fingers 218b are spsced laterally 
from the center of the support plate in its downstream section i35b. The approximate location of these fingers are 
best seen ta the expfaided view of Figure 12. 

The horizontal portion 212 of the sacrificial quartz plate 210 mchides two rearward extensions 220 having 
rectangubr areas 221 of reduced thtekness and apertures 222 therein. The thin areas 221 of the extensions 220 
are sized to fit on the downstream fmgers 218b. as seen best in Figure 1 la. The apertures 222 are sized to receive 
support pan 224 also supported on the fingers 218b. Tbe pins 224 extend through the apertures 222 and are used 
to support the temperature compensation ring 155. A tbinmid area 230 and forward aperture 228 is also provided 
in the horizontel portion 212 for recehdng a support pin 227. The front finger 218a fits in the thinned area 230 
awl supports the front end of the sacrificial quartz plate 210. es weD the front end of the ring 155 via the pin 227. 
The thimied areas 221 and 230. and mere particulariy the side walls formed thereby, in combination with the 
apertures 222 ami 228 and pins 224 ami 227 letab. the plate 210 in pesitkin with respect to the fingers 218a.b. 

The quartz plate 210 has a gemirally constant lateral cross-sectional width which diverges at a forward 
ami to a wider region 228. The wide region 228 inchides rounded forward corners which conform to the shape of 
the aperture 133. The vartk»l |p 214 extends upward from the rounded edges of the forward portion 228 into 
pnnbnity with the rounded rectangular edges of the aperture 133. This is seen best bi Rgura 11a. The vertical 
Bp, 214 thus conforais chsely with the biner edge of the support plate 132 at the aperture 133, and protects the 
quartz from devitrification at this hication. I>referably, the vertical fip 214 contacts the quartz of the aperture 133. 

The shape of the sacrificial quartz plate 210 Is seen bi plan view and cross-section n Figures 13 and 14. 
raspecthrehr. it wi be noted that tiia thk:kness of the pbte 21D is greater m the middle portion and tiAiner at the 
areas 221 and 230 which, as mentioned, reeehra and ratabi ti» fingers 218a.b. Furtheimore. tiie vertical lip 214 
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is noticeably thinner than the horizonal portion of the plete 2ia In one specific embodiment, for use in a reaction 
chamber for processing wafers of 200 miBsneter diameters, the sacrificial quartz plate 210 has an overaB longitudinal 
dimension of approximately 1 U inches. The width of the plate 210 is approximately 7.45 inches, and the outwardly 
diverging edges in the region 228 form a 30* angle with the side edges. The width of the forward region 228 is 
approximately 10.16 mches. The curvature of the forward edges which conform closely with the inner edge of the 
aperture 133 is approximately 125 mches In radius. The plate has a thickness of approximately 2 inches over a 
majority of Its cross-section, but the regions receiving the fingers 218 having a thickness of approximately .06 
inches. The vertical fip has a height of approximately .99 inches, whOe its thickness is approximately .04 inches 
(1 mBlimeter). 

Figures 15-17 Rhistrate a modified sacrificial quartz plate 240 which is in most respects identical to the 
quartz plate 210 previously described, in contrast, however, the quartz plate 240 inchides a horizontal extension 
242 formed at an upper edge of the vertical Dp 214. The horizontal extension 242 extends f orwardly from the Bp 
214 and is intended to rest on the upper surface of the central support plate 132. That is> the vertical iqi 214 
extends upward as seen in Figure 1 la in close proxbnately with the aperture 133, and the horizontal extension 242 
extends over the upper corner of the aperture. This arrangement further protects the quartz of the central support 
plate 132 from devitrification. In other respects, the modified quartz plate 240 is identical to the quartz plate 210 
previously described, and is supported by the fingers 218a,b underneath and parallel to the susceptor 134. 

Figures 18a and 18b illustrate the sacrificial quartz plates installed surrounding the susceptor 134. More 
particulariy, as seen in Rgure 18a, the sacrificial quartz plate 210 is seen in phantom underneath the susceptor 134, 
with the vertical lip 214 visible at the downstream edge of the front section 135a of the central support 13Z It 
win be seen that the vertical lip 214 extends laterally around the sides of the aperture 133 to terminate at the side 
rails 18 of the chamber 130, previously described. Rgure 18b, on the other hand, illustrates the horizontal extension 
242 extending f orwardly from the edge of the aperture 133. Again, the sacrificial quartz plate 240 is positioned 
underneath and parallel to the susceptor 134. 

In a further embodiment, as seen in Figures 18c, 19 and 20, a pair of discrete sacrificial quartz plates 250a 
and 250b may be positioned on the central support plate 131 The discrete plates 250 are shown in plan view in 
Figure 19 and have a generally rectangular shape with a pair of chamfered edges 252 on an upstream end and a 
curv3inear downstreem edge 254. As seen in Hgure 20, a vertical Hp 258 projects downwardly from the curvilinear 
edge 254. The curvBinear edge 254 is sized to conform closely with the curved comers of the rounded rectangular 
aperture 133. In this respect, and as seen in Figure 18c, the discrete secrificial quartz plates 250a,b, are positioned 
at the rounded comers of the aperture 133. The downwardly depending lip 258 thus protects the comers of the 
aperture 133 from devitrification. The comers of the aperture 133 are sublet to the greatest stresses during 
vacuum processmg, and thus wiD suffer most from repeated thermal cycSng. Thus, the provision of the discrete 
plates 250a,b protects these corners, and can be replaced relatively easfly. The plates 250a,b are simply placed 
on the central support plate 132 without other fastening means. Of course, a single sacrificial quartz plate 
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combining the discrete plates 250a,b is envisioned which can also be placed directly on top of the central support 
plate 13Z 
Gas Initictnr 

Figure 21 yhistrates the gas injector 156 previously mentioned with regard to Rgure 11. The gas mjectDr 
156 comprises a generally vertical two-part flange member which abuts the upstream end of the quartz chamber 130. 
More particularly, the gas injector 156 is sandwiched between a wafer handing chamber 260 (shown in phantom) 
and the process chamber 130. Suitable pneumatic pressure is provided by one of various means known to those 
skilled in the art to secure the intimate contact between the gas injector 158 and chamber 130. 

The wafer handling chamber 260 includes a tapered wafer delivery port 262 leading to a horizontal 
wafer/gas entry slot 264 defined by the gas injector 256. A wafer handler (not shown) delivers wafers through the 
delivery port 262 and entry slot 264 to and from the handling chamber 260 and process chamber 130. fai one 
embodiment, the wafer handler comprises a low-profile Bemouri-type pickup wand which fits through the entry slot 
264 carrying the wafer on an underside. Of course, other tow-profOe pickup wands may be used. In this respect 
the entry slot 264 has a height of approximately .75 inches, and a length through the gas injector 156 of about 1.56 
Inches. With reference to the rear vmw of Figure 22, the entry slot 264 extends laterally across a majority of the 
width of the gas injector 156, and is desirably about 9 inches wide for enabling passage of 200 mm diameter 
wafers. Those of skiH in the art will recognize that the dimensions noted herein wiB be modified to accommodate 
wafers of larger size, such as those with 300 mm diameters. 

As described in U.S. Patent No. 4,828,224, which is hereby expressly incorporated by reference, a gate 
vahre'ls preferably mounted in the handing chamber for reciprocal movement alternately closing and opening the 
deivery port 282. In one partinilerly advantbgeous form, the gate vahe inchides a pivoting body which also has 
a wafer passage therethrough, the passage bemg h line with the deEveiy port 262 when the valve is opened. One 
soBd surface of the gate valve Indudes an O-ring adapted to seal against the front face of the gas injector 156 for 
isobtbig the emrironmsnts of the handling chamber 260 and process chamber 130 from each other. 

The gas injector 156 is formed from a front flange half 266 and a rear flange half 268. The front and 
rear flange halves 268, 288 are generally vertically disposed plate-Kke members arranged to mate against one 
enother. More specifically, the front face of the front flange half 266 b adapted to mate against the wafer handling 
chamber 280. and its rear face abuts against the front face of the rear flange half 268. Further, the rear face of 
tha rear flange half 268 mates agabist the process chamber 13a O-ring seals are provUed between these elements 
to prevent gas leakage from, or contamnation of. the wafer handling regions. A generally oval shaped chamber 
0^ 270, best seen fai Figure 22, is provkled between the gas tajector 156 and chamber 130. More spedfically, 
the rear f lenge half 288 inchides a contimieus groove 272 (Figure 25) in iu reer face surrounding the entry slot 284 
whfch recehms the chamber O-ring 27a The chamber 0-rbig 270 abuts the flat front face of the process chamber 
130 and surrounds the inlet apertures 160. 174 leadmg to the upper and hwer regions 182, 172. respecthrely. An 
intermediate O-rbig 274 is provided in a groove bi the rear face of the front flange half 266 and seals the entry slot 
264 at the junction between the front and the rear flange hahres 288. 26a Finaly. a handBng chamber Cring 278 
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Is provided in a groove in the front face of the front flange half 266 which seals the entry slot 264 at the mterf ace 
between the gas injector 156 and the wafer handling chamber 260. 

As viewed m Figures 22 and 23, a plurality of the needle valves 158 are distributed across the top edge 
of the rear flange half 268. Preferably, there are five such needle vahres 158 distributed evenly and centered in the 
rear flange half 268, Each of the needle vahres 158 comprises a tubular cartridge 280 secured into an upwardly 
opening stepped cavity 282 (Figure 26), and thumbscrews 284 for adjustment of gas flow through the gas mjector 
15B. In this respect, process gas enters through an inlet conduit 286 m one lateral edge of the rear flange half 268 
and is distributed through the gas injector 156 eventually entering the process chamber 130 through the entry slot 
264. 

The process gas enters at the inlet conduit 286 and flows through a horizontal plenum 288 extendmg 
laterally across the rear flange half 268 underneath the five adjustment thumbscrews 284. As best seen in Rgure 
28, each cartridge 280 is fixed within an upper threaded bore 290 of the cavity 282, which cavity also defines a 
reduced diameter valve bore 292. Each of the valve bores 292 is in fluid communmation with the horizontal plenum 
288. Each cartridge 280 includes an outer threaded portion 294 for mating with the threaded bore 290, and a lower 
reduced diameter portion 296 for receiving and channeling process gas. More particularly, the reduced diameter 
portion 296 includes a horizontal slot 298 at the height of the plenum 288 which allows process gas to freely flow 
along the plenum to each cavfty 282. Gas which enters trough the inlet conduit 286 thus fills the plenum 288 4o 
an equal pressure across its width. 

A vahfe seat 30O separate from the cartridge 280 is positioned at the bottom end of the valve bores 292 
and is sealed on its exterior against the valve bore with an 0-ring 302. Each thumbscrew 284 is axiaDy aRgned with 
and abuts a needle 304 which extends downward through the hollow cartridge 280 and into engagement with an 
inner sealing surface on the valve seat 300. Midway along the needle 304, an annular needle collar 306 provides 
a reaction surface against which a spring 308 acts. The spring 308 is positioned within an upper cylindrical bore 
310 of the cartridge and abuts a reduced diameter step 31 Z The needle 304 is thus biased upward into 
engagement with the thumbscrew 284. The spring 308 enables precise positioning of the needle 304 with respect 
to the cartridge 280. That Is, the needle 304 has a slip fit within the bore of the cartridge 280 and is biased by 
the spring 308 agafaist the thumbscrew 284 which provides an adjustable stop. Additionally, the spring rate of the 
spring 308 is sufficient to resist downward movement of the needle 304 during vacuum processing. 

The cartridge 280 is provided with gradations around its periphery and with the rotatable thumbscrew 284 
functions sbnilar to a micrometer. Axial travel, of the thumbscrew 284 and needle 304 within the cartridge 280 
alternately engages and separates the yahre surfaces between the lower end of the needle and the vah/e seat 300. 
A second smaller D-ring 314 is provided around the needle 304 and acts against a reduced diameter bore 316 below 
the upper bore 310 in the certridge 280. This prevenu process gas from traveling upward around the needle 304. 
A third 0-ring 318 is positioned in a groove formed in the exterior of the certridge 280 and acts against the valve 
bore 202 to prevent process gas escaping upward around the cartridge. 
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With refarancs to Fqurs 22, a narrow conduit 320 extends downward below tiie valve bore 292 mto 
communication with an expansion chamber 322, best seen in Figure 24. Looiclng also at the front face of the rear 
flange half 268 in Figure 23, each expansion chamber 322 is formed as a horizontal slot and dhrerges outward at 
a rear end below the conduit 320 to a front end facing the rear flange half 266. The expansion chambers 322 are 
segregated by flow dividers 324. There are five such expansion chambers 322 farmed with flow dividers 324 
provided therebetween. 

The front lower emi of each expansion chamber 322 terminates in a rounded Up 326, seen bi profile m 
Figure 21. The lip 328 projects forward and stops pist short of the plane defined by the front face of the rear 
flange half 268; which also defmes an interface plane between the flange halves, the dniders 324 project forward 
to the interface plane and terminate at the forwardmost point of the rounded Bp 326, as seen in Figure 23. Hie 
lip 326 continues rearward from the flow dhdders 324, roiling undermiath the expansion chambers 322 in a common 
planar angled surface 328. The angled surface 328 contimies down and rearward as seen in Figure 21 unti it 
intersects the entry slot 264. 

Looking at Figure 21, the front flange half 266 includes a series of recesses 330 formed in its rear face 
opposing the expansion chambers 321 The recesses 330 have narrow walls 332 separating each other which are 
depicted in phantom in Figure 22 and seen in cross-section in Hgure 24. Each recess 330 has an ehmgated, 
generally semi-cylindrical shape and a lower waO 334 which angles downward and rearward, continuing as a lip 336 
projecting underneath the angled surface 328 of the rear flange half 268, The narrow walls 332 terminate at the 
Interface plane while the lip 336 extends rearward therefrom. The angled surface 328 above and the Sp 338 below 
together define a narrow gas flow slit 338 having a width approximately equal in width to the width of the five 
expansion chambers 322 combined. 

Process gas is metered at the needle valves 158 and travels downward through the conduits 320 into the 
expansion chambers 322 where the gas flow diffuses outward to slow its velocity. The im slower moving streams 
of process gas then flow generaOy forward across the interface plane and are turned nearly 180° by the curved 
waHs of the recesses 330 to be directed through the narrow slit 338, which shapes the flow into a sheet-like ribbon. 
The flow metered through each of the five needle vahres 158 is kept separate within each of the expansion chambers 
322 by the flow dhnders 324, and withm each of the recesses 330 by the walls 332. The five separate flows are 
altowed to robe through the sBt 338 to result in the smgle planar ribbon. This gas flow sheet continues downward 
and rearward bito the entry slot 264 and thereafter generally horizontally through the process chamber 130, primarily 
due to a decreasing pressure gradient along the chamber in the direction of the source of vacuum downstream from 
the exhaust epparatus 181 During process gas flow the forward end of the entry slot 264 is closed by provision 
of the gate valve previously mentiomid to prevent flow in the opposite direction. The mixing of the flow commences 
at a significant distance upstream of the wafer leading edge so as to provide adequate distance and time for the 
separate streams of fhmr to Uend together by diffusion, thereby smoothing the gas density profile laterelly across 
the wafer. 
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As seen in Figure 22. the gas injector 156 is furtiier provided witii purge gas clianneb end tliree purge gas 
apertures 340 opening into tlie lower region 172 of ti» process diamber 13a in tliis respect, process gas flows 
tlirougli tlie entry slot 284 and inlet aperture 160 into the upper region 182 of the chamber 130. while purge gas 
flows through the three apertures 340 and purge inlet aperture 174 nito the tower region 172 of the chamber. A 
purge gas intet 342 is provided on the toteral edge of the rear flange half 268 opposite the process gas miet conduit 
286. The inlet 342 bads to a short horizontal passage 344 comtecting with a vertical passage 348. A horizontal 
purge gas plenum 348 distributes the purge gas in equaj pressures to the apertures 340. Purge gas is thus 
channeled through the gas injector 156 end exits through the three evenly spaced apertures 340 which are positiomid 
underneath the entry slot 284 and below the central support plate 130 when the gas injector abuts the process 
chamber 130. 

With reference to Rgures 21. 24 and 25, the gas injector 158 also bidudes water cooOng channels therein 
for protection of the chamber Q-ring 270. More particularly, a pair of lower conduits 350a. 350b provide coolfaig 
water flow into and out of the gas injector 156. The internal cooling channels withm the gas injector 156 are 
shown best in the cross-section of figure 25. Cooling water enters through the conduit 350a end travels upward 
through a short section or passage 352 into an elongated horizontal lower passage 354. This passage 354 connects 
with a vertical side passage 356 and. thereafter, with an elongated horizontal upper passage 358. finally, a second 
side passage 360 extends from the upper passage 358 downward to the cooHng outlet 350b. It wiH be seen that 
each of these passages are drilled into the solid rear flange half 268 and plugs 362 are provided at each of their 
exterior ends. The pattern of the passages conforms closely with the shape of the chamber Oring 270. 
Ftirthermore. the passages are provides in the rear flange half 268 at a location proximate the 0-ring 270, with a 
mininum of sofid material therebetween, as best seen in Figures 21 and 24. The cooling flow through the passages 
is intended to maintain the temperature of the material of the gas mjector 158 proximate the chamber 0-ring 270 
at approximately 60» F or cooler. The cooring fluid used is preferably a Ph balanced mineral-free water which is 
introduced at room temperature or less. The gas injector elements are preferably manufactured of stainless steel 
end the mineral-free water prevents build up of deposits which may unpede the passage of cooGng water. 

The presently at^able gas injector 158 greatly improves the efficiently of gas flow through the process 
chamber 130. SpecKh^Oy. many previous gas injectors generated e fixed flow pattern or were inconvenient to 
odpist Therefore, when gas flow was toss than optmnim. such as when recbcubtions were evident from deposition 
on the chamber wab. the entire gas injector had to be dtoassenbbd to adjust the gas flow therethrough. In the 
present gas injector 158. the thumbscrews 284 provide adjustability across the lateral width of the chamber. If 
recirculations are observed by a build up of particubtes on one waB of the chamber or the other, the gas fbw at 
that side to adyisted higher. Often manufacturing tolerances in the essambly of the gas injector prevent precise 
correhtton between the settings of the thumbscrews 284 and gas fbw past the five needta. valves. If the toler8m:es 
were perfect, the thumbscrews could be set at specific vataes rebtive to the micrometer gradations on the cartridge 
280 end the flow rate would be predictabb from those values. However, the tobramm are bss than exact and 
the adjustabiBty of the needto vahrns greatly speeds processing. 
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Although tfw various laterally distributed gas flows are Independently metered h the gas injector 158. the 
aggregate output from the injector b a single sheet of flow in which the longitudinal boundaries of the flowi are 
aBowed to mix weD upstream of the wafer leading edge. So as to enhance the uniformhy of deposition by avoiding 
distinct boundaries between the flows. 

. In one particular embodiment, the micrometers an opemid specific distances to aDow gas flow between 
the needles 304 and tiie vahre seat 300. The outer two needle rahns 158 are opemid by 1.5 mliimeter;, the 
second two needle vahres are opemid by 1.7 mirmeters, and ti» center m»edb valve is opemid by 2 miiSmeters. 
This symmetric pattern is preferred for e symmetric gas flow tiirougb Urn process chamber 130. If. subsequently, 
observation shows that recireubtions are occurring withbi tiie chamber. tUs bdicates the gas f tow b not symmetric' 
despite the readings of the thumbscrews. In thb situation, one or more of the thumbscrews are adjusted to mmase 
tiie flow on one bteral side of the chamber. 

A typical total process.gas flow b approximately 18 sbn. Thb gas flow b reduced by approxmately 20% 
over the gas flow in rectangular process chambers of the same height Thb b due to the lenticular shape of the 
chamber. Typical gas pressure b 20 psi prior to passing through die needb valves. 

The chamber pressure may be at a vacuum of approximately 80 torr. Conventional process gases are, for 
example, dychloresilane and trichlorosiiane. Of course, tiie process or doping geses are mbed whh a carrier, typically 
hydrogen, at a ratio of approximately 9 to 1 carrier to process gas. In addition, purge gases such as nitrogen are 
often injected through the gas injector to clean out tiie various channels. Furtiier, etched gases such as hydrogen 
chloride are used to clean out die channels. The typical puige gas flow through the gas injector into ti» tower 
region of the chamber is hydrogen at a flow ratii of between 5 and 15 shi Of cmtree, nitrogen or other such toert 
gases may be substituted. 

The present gas injector 156 provides a minimum amount of dead space volume widiin to enable faster and 
sharper transitbns between different gases. That Is, in some processing sequences, a first dopant gas b introduced 
through the gas injecror into the chamber followed by a second dopant gas. At the trensition between the 
introductton of tiie two gases, the first gas sometimes fingers widiin tin gas injector. The present injector 156. on 
tiie otiier hand, has very sroal faiternal channeb widi minimal dead space so that, upon introduction of an 
intermsdlato inert gas. or the second dopant gas directly, tiie fnt dopant gas b immediately flushed out. 
DownstrMm ^tended Tamp ^jatura CnmpRnj^j^t j iyp pinq 

figure 27 Otostrates a CVD paralel flow process chamber 370. similar to the process chamber 130 shown 
In Figure 1 1. having a susceptor 372 for supporting wafen to a process gas flow. As before, process gases enter 
through an tolet 374 and exit tivough an exhaust 378 to the chamber, flowing in a direction paraOel to the plane 
of tiie susceptor. Upper and tower banlcs of radiant heat lamps 378a. 378b are positioned adjacent the chamber. 
It win be noted tiiat the banks of tomps 378aji extend fartiier downstream tiian the banlcs of bmps described for 
the ambodtoient of Figure 11. Otiier arrangement of heat lamps may be used. 

The present Invention as shown to Fqura 27 totroduces a downstream structure in the chamber with the 
goal of altering die temperature, vetocity, direction, ami composhion of tiie gas flow. Fortheroiore, the temperature 
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of the process chamber waU downstream of the wafer and the susceptor b elevated by this downstream structure, 
which taiproves the etching effh:iency of the chamber. 

In one particular embodiment, a temperature compensation ring 380 is provided surrounding the susceptor 
372 whhdi |n most respects is identical to the ring 155 of Figure 11. bi contrast to tha previous ring 155, which 
extended downstream to the edge of the rounded rectangular aperture 133 of the support plate 132. a top plate 
382 of the rmg 380 extends substantially fartiier. To accommodate this extension, a support ptets 384 bi the 
chamber 370 bichidss a susceptor aperture having a downstream edge 386 which, at a centerfine.of the chamber, 
is approximately one half of the way between the susceptor 372 and exhaust 376. 

Desirably, the downstream edge of the top plate 382 of the ring 380 conforms to the shape of the aperture 
and terminates in doss proximity to tiie aperture, as seen m Figure 27. As win be described below, the benefits 
of the extended ring 380 must be balanced against a concern for tiie reduction in strength of ti>e chamber 370 from 
a reduced size inner support plate 384. That is. for examph, there is a benefit from the mass of the downstream 
structure which absorbs radiant heat and reflects that beat back to the chamber wells, bi this respect, the more 
material downstream tha better. Too large a ring 380, on the otiier hand, may compromise the strength of tiie entire 
chamber 370 in vacmim processing as the material of the support plate 384 is reduced. In one embodbnent tfie 
top plats 382 may have a rounded rectangular downstream edge simOar to that of the modTed temperature 
compensation ring 72' shown in Figure 9, ahhough the top plate may be formed in circular or other shapes. 

It should also be noted that the benefits afforded by the downstream structure are not uniquely realzed 
by tiie presentiy described process chamber with inner support Conventtonai chambers without a central support 
plate may also incorporate the downstream structure to some advantage. These advantages will be clear to one 
of skOI in the art for various chamber configuration from the foHowing discussion referencmg schematic 
representations of process chambers. 

One general embodbnent of the downstream structure withni a quartz chamber 388 is schematically 
ilhistrated m Figures 28.a and 28b and comprises a flat plate 390 havmg a curvilinear front edge 392 adjacent and 
cooformkig to the circumference of a susceptor 394. As wiD be apparent, this plate 390 may represent that portion 
of tiie top plate 382 of die ring 380 downstream of tin susceptor 394, or may be e separate structure. If the plate 
390 comprises a portion of tin top pbte 382 it is supported by the fmgers depending from the chamber inner 
support plate provhiusly described. If tiie plate 390 is separate from tiie ring 380, it may also be suspended from 
fingers attached to tiie chamber nner support plate, or may altematively be supported by e stand, preferably quartz, 
attached to or positioned witiibi die chamber 388. The plate 390 is preferably constructed of graphite which 
absorbs die energy rediated from outer heat lamps 396 faster tiisn tiie quartz chamber 388. 

There are several advantages of the downstream structure of die present bivention. Figure 29a shows the 
process chamber 388 witiiout die downstream plate 390 ami schematically shows radiant beat flow 398 from the 
cuter lamps 398. The quartz walls of die chamber 388 ere relathrely transparent to tills energy flow, and dius do 
not retabi a substantial amount of heat bi etcbbig processes, however. It is desbable to heat tin chember walls 
while etchant gas flow is bitroduced nto the chamber to clean the walls of unwanted particulate buidup. WiduMit 
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the downstream structure, therefore, the walls of the reaction chambers heat up slowly and to a relathrely low 
temperature. As Illustrated in Figure 29b, with the downstream plate 390 m the chamber 388, the lerediated energy 
(indicated with arrows 400) from the graphite plate is in a frequency range readily absorbed by the quartz reactor 
walls. The chamber walls can thus be rapidly heated to a high temperature which speeds up the etching cycle and 
improves overaO throughput 

Arrows 402 m Hgure 30a represent an exaggerated nonuniform chemical vapor deposition on a wafer. Such 
nonuniformity can result from steep temperature and flow gradients at the edge of the waf er/susceptor. As depleted 
by arrows 404 in Figure 30b, the presence of the phte 390 helps even out the temperature and flow gradients at 
the rear edge of the wafer resuHing HI a more uniform cbemjcai vapor deposition. 

In Figure 31a, the wab of the quartz process chamber 388 without the downstream structure, by virtue 
of their elevated temperature, accumubte a significant amount of unwanted deposition from repeated processhig. 
A typical distribution of this deposition is sehematicaly bidicated by the Brrows406. hi contrast, as shown hi Figure 
31b, the graphite plate 390 becomes the hottest stracture within the chamber 388 in the downstream region, and 
deposition occurs thereon rather than on the chamber wals, as bidicated with the arrows 408. 

Another benefit of the downstream plate 390 b its temlency to reduce recirculations withbi the process 
chamber 388 which can result in unwanted deposition around or even upstream of the waferlsusceptor combmetion. 
Such recirculations 410 in a chamber without the downstream structure are shown bi Figures 32a and 32b. Fqures 
33a and 33b, with the downstream plate 390, show flow lines 412 in s generaly continuous left to^ght direction, 
thus substantially eDminating recirculations. 

The downstream structure shown and described above may also be useful in process chambers other than 
the lenticular chamber with mner support For example. Figure 34 ffiustrates a process chamber 400 having an entry 
region 402 end an exit region 404, the two regmns being rectangular in cross-section. The entry region 402 is 
defined by a horizontal upper wall 408 and a horizontal first lower waO 408 terminating at a vertical step 410. The 
step 410 forms the begmning of a second lower wall 412 of the exit region 404 which shares the upper wall 406 
with the entry region 402. The chamber 400 thus has a cross-sectional area which approximately doubles at the 
step 410. A susceptor 414 is supported by a rotary shaft 418 just downstream of the step 410 and m a plane 
approxinately level with the firat lower waD 408. A temperature compensation ring 418 supported by e ring-Eke 
stand 420 ebove the second lower wal 412 closely surrounds the susceptor, as previously described. The stand 
420 may be as shown end desnlbed in U.S. Patent No. 4,821,674. 

A plate 422 is portioned downstream from the ring 418 and may be supported on a stand on the second 
lower waD 412, or by pnis or dowels 424 supported by the shie walls of the chamber 400. As seen, the plate 422 
b approxbnately ui the plane of the ring 418, susceptor 414, and wafer supported thereon, and extends from the 
ring to close to the chamber outlet Upper and lower banks 426a, 426b of lamps direct radiant energy into the 
chamber and are arranged substantially above and behmr the area stretching from the leading edge of the ring 418 
to the trailing edge of plate 422. The gas flow through the chamber is indicated with the arrow 428. The 
downstream plete 422 is preferably constructed of graphite to reaSza the aforementioned benefits of more efficient 
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chamber etch and better temperature uniformity over the wafer. The plate 422 may also be quartz which wHI not 
affect the temperature distribution within the chamber significantly, but will enhance flow characteristics and reduce 
recirculations. 

Figure 35 shows the same chamber 400 with a modified temperature compensation ring 432 surrounding 
the susceptor 414. The ring 432 comprises a lower annular U-shaped menAer 434 topped by a planar member 436 
which has a width around the susceptor approximately equal to the U-shaped member, but which extends 
substantially downstream into the exit region 404. The ring 432 is in many respects simOar to the ring 380 shown 
in Figure 27. In contrast to the previous ring 380, which was supported by fingers attached to the inner support 
plate 384, the ring 432 is partially supported by the stand 420 and partially by a downstream strut 438. Of course, 
there are many ways to position the ring 432 in the chamber, the preferred means including some type of quartz 
structure which can be easily replaced after it deteriorates from repeated process cycles. Again, the ring 432 is 
desirably constructed of a material with a high thermal mass to help maintain temperature uniformity over the wafer 
and to enhance the etch cycle effectiveness. 

Figures 36-38 illustrate a chamber 440, similar to that shown in Figure 11, along with the associated 
processing components, such as susceptor 442 for supporting a wafer, gas injector 444 and radiant lamps 448. 
The chamber 440 includes a central support plate 448 defining upper and lower chamber regions 452, 454, 
respecthrely. An inlet end flange 450 has an upper slot 456 leading from a reactant gas input slot 458 in the gas 
Injector 444 into the upper chamber region 452, and a lower slot 460 leading from purge gas apertures 462 in the 
gas Injector into the lower chamber region 454. These features are similar to those described previously. 

A gas flow shaping duct 484 is provided in the chamber 440 for channeling gas from the injector 444 
toward the susceptor 441 In the embodiment shown, the duct 464 is an inverted U shape with a rectangular top 
wad 466 supported on two rectangular side waDs 468. The duct 484 defines a channel within which the gas from 
the inpctor 444 flows toward the susceptor 442 and wafer thereon. The duct 464 b positioned above the support 
plate 450 upstream from an edge 470 of the plate facoig the susceptor 442. 

The height and width of the duct 484 is such that it fits within the upper slot 458 into proxbnity, but 
preferably not ki contact, with the injector 444. The duct 484 extends approximately 1/2 to 2/3 of the way from 
the flange 450 to the edge 470, and is desirably between about 3-5 inches in length, with a range of between 17 
and 4.5 inches bemg preferred. The duct 464 desirably is made of quartz and has a thickness of about .06 mch. 
The lateral wkith is greeter than the injector slot 458 width, and is preferably about 0 inches (although larger 
dimensions wBI be necessary for chandlers adapted to process larger wafers, such as 300 mm wafers). The height 
of the duct 464 is about .9 inches, or between the height of the slot 458 end that of the flange slot 456. The 
duct 464 is preferably bistaRed and removed from within the chamber through the flange slot 456, which 
necessitates removal of the injector 444. 

The presence of the 464 duct confines the flow of gas from the injector 444 from expanding within the 
chamber 440 for a certebi distance mto the upper region 452 to improve control of the gas profile and increase the 
overey ges velocity over the wafer. More specifically, the gas mjector 444 creates e particular gas velocity profSe 
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by 8«i8tinBiit of flow control vahns 47^ as previously described, which profile can be diffused from eipansion and 
recirculation within the chamber 440. This is particularly true for atmospheric as opposed to vacuum processes. 
Additionally, while the velocity of.the gas can be suitably mantaimid from the injector 444 to the susceptor 442 
in low pressure processes, it temis to stow down in atmospheric processes. Consequently, the duct 484 maintains 
the intQgrity of the velocity profib downstream, which is desirable for al processes, and delays expansion and 
slowing of the gas flow which primarily benefits higher pressure processes. 

The top waB 486 of the duct 484 shown in Figures 3fr38 has a straight dowmttream edge 474 and parallel 
side wans 468. This configuration channeb the gas flow generated by the mjector 444 without significance 
distmbence until it emerges f rmn the duct 464 in a plami just upstream of the susceptor 44Z The gas then expands 
sBgbtly toward the chamber waOs from not being confined by the wails of the duct 484. Variations on the shape 
of the duct 464, and on tho shape of the outlet edge can be used to direct and shape the gas flow further. Such 
variations are ^hown in Figure 3[8b-f . 

Figure 38b shows a duct with side walls 476 which taper inward in the direction of gas flow. The top 
waH thus has a downstream edge 478 smaOer than an upstream edge 48a This converging chamiel configuration 
focussBs the gas flow inward so that the subsequent expansion toward the chamber walls after leaving the confnes 
of the duct is delayed. 

Figure 38c Uhistrates a downstream edge 482 which is concave as seen from the susceptor 441 As it 
passes the downstream edge, the gas ftow can expand in the middle portion fkst thus aHowmg some inward diffusion 
of the flow, and increasing the flow in the middle. 

Figure 38d Olustrates a downstream edge 484 which is convex as seen from the susceptor 442. As it 
passes the downstream edge, the gas flow can expand in the outer portions first, thus allowng some outward 
diffusion of the flow, and decreestng the flow in the middle. 

Figure 38e illustrates a downstream edge with angled portions 486 terminating in a comer 488. The side 
edges of the duct extend farther than the center of the top wan thus inducing a similar gas flow effect as the 
concave version of Figure 38c, with an increased flow through the middle of the chamber. 

Finally, Figure 38f illustrates a downstream edge with angled portions 490 terminating m an apex 492. 
The side edges of the duct terminate before the center of the top waO thus inducing a similar gas flow effect as 
the comrex version of Rgwe 38d, with a decreased flow through the middle of the chamber. 

Although the present chamber is particularly suited for chemical vapor deposition, other processes requiring 
dean ovens may benefit from the improved chamber. For example, anneaFaig, etching, plasma-enhanced deposition, 
and other such processes may all utilize the present chamber in its essential form with appropriate modifications. 

Although this invention has been described in terms of certain preferred embodiments, other embodiments 
thet are apparent to those of ordinary skil hi the art are also within the scope of this invention. Accordingly, the 
scope of the invention is intended to be defined by the claims that follow. 
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WHAHS quiMEniS: 

1. A reduced pressure chamber able to withstand external forces on the chamber whh:h occur when 
the exterior pressure is greater than the chamber Interior pressure comprising: 

a quartz upper wall; 

a quartz lower wall spaced from the upper wall each waD having a convex outer surface and a 
concave interior surface; 

side rails joining side edges of said waRs creating a chamber space within said walls, said chamber 
space having a maxhnum interior height which is less than a maximum interior width; and 

a support within the chamber fixed to and extending between said rails to resist outward 
deformation of said rails and flattening defomiatmn of said waOs when the chamber is subjected to an 
external pressure greater than pressure within the chamber. 

2. The chamber of Claim 1, wherein said support is a flat plate having an aperture therein for 
positioning a susceptor for mounting an article to be heated in the chamber. 

3. The chamber of Claim 1, wherein said upper and lower walls have a constant radhis of curvature. 

4. The chamber of Claim 1, wherein said walls have a generally rectangular vertical projection and 
said side rails are generaBy straight. 

5. The chamber of Claim 4, including an inlet flange secured to one end of each of saU walls and 
rails and an outlet flange secured to an opposite end of each of said walls and rails. 

6. The chamber of Claim 4, wherein said support has an inlet section and an outlet section separated 
by an opening in which to position a susceptor for supporting a semiconductor wafer. 

7. The chamber of Claim 4, wherein said support is a plate positioned to divide said chamber into 
an upper region and a lower region, said support having an opening in which to position a susceptor for supporting 
a semiconductor wafer so that said wafer Is within the upper region. 

8. The chamber of Claim 7, inchiding an inlet flange secured over a first longitudinal end and having 
an miet gas flow slot open to the upper region. 

9. The chamber of Clann 8, tnchiding an outlet flange secured over a second longitudinal end of said 
chamber end havmg an exhaust gas flow slot open to said upper region. 

10. The chamber of Claim 8, wherein said inlet flange includes a second inlet gas flow slot open to 
said lower region and the outlet flange has a second exhaust gas flow slot open to said lower region, wherein the 
upper region defines a wafer processing zone above the support plate and the tower region defines a zone below the 
support pbte m which no wafer processing is done. 

1 1. The chamber of Cl^ 7, includmg a tube depending from said tower waB below said opening for 
passage of a drhre shaft to rotate the susceptor. 

12. The chamber of Claim 1 1. wherein said tube is sized to provide a space sunrounding the drive shaft 
for passage of purge gas Into said tower regton, and wherein said outlet flange inctodes a second slot open to said 
lower regton for exhausting said purge gas. 
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il The chamber of Claim 1, wherein said upper and lower walls ami said side rails define a gemiraliy 
lenticular shape, and wherein said side rails have a main body portion thicker than said waOs and have upper, lower 
and middle stub walls of approximately the same thickness as, and adapted to join with, said upper ami tower waDs 
and said support, respectively. 

14. The chamber of Claim 1 3, wherein said chamber defines an inlet and and an outlet end, and said 
support extending between said side raib is divided into an inkit sectkm adjacent saU inbt end ami an outlet section 
adjacent said outlet end, said inlet and oottet sections derming an opening tfierebetween such that there is no direct 
structural support between said mnldla stub waBs across s»d openaig. 

15. Tlie chamber of Claim 1. wherein said chamber has a width dinenslon from one of said raib to 
the other, and a height dimension between an uppermost pokit on said upper wal and a towemiost pobit on said 
lower waH and a ratio of said width dimension to saM height dknension is approiinately three. 

1 6. The chamber of Claim 1 5, wheren said chamber has a wuhh dinnnsion of approxonately 325 mm, 
and a height dimension of approximately 108 mm 

17. The chamber of Claim 1, wherein said support b a plate bavmg a thickness qiproxnnately twice 
the thickness of said wails. 

18. The chamber of Claim 1 7, wherein sabl support has a thickness of approximately 10 mm, and saU 
watts have a thickness of approximately 5 mm. 

19. The chamber of Clain 1, wherem said support b a flat plate and defines a generally rectangular 
openuig in which to posHion a susceptor for supporting a substrate for purposes of chemical vapor deposition. 

20. The chamber of Claim 19, mcluding a susceptor positioned m said openmg. 

21. The chamber of Clakn 20, mcluding a temperature compensation ring having a circular interior edge 
ch»ely surrounding the susceptor, and a generany rectangular exterbr edge closely positnmed to the edges of said 
plate derming said rectangular openmg. 

22. The chamber of Clakn 21, wherein said openmg has rounded comers and the exterior edge of said 
ring has rounded comers that mate with the rounded comers of the rectangular opening. 

23. The chamber of Clakn 21, whereki the chamber has an inlet end and an outlet end, with said 
susceptor bong eentrafly positioned between saM skte rails but poshnmHl ctoser to the intet edge of the opening 
than to the outlet edge. 

24. The chamber of Claim 23, whereki the circular kiterior edge of said rmg b centrally positnmed 
from sUe to sUe m the openmg but b cbser to the kilet edge of the opening than the outlet edge. 

25. The chamber of Clabn 21, wherein said ring has a leadng edge and a traOing edge and the 
shortest dbtence between the leadmg edge and the pbte openmg b less than the shortest dbtance between the 
treOkig edge of the ring end the plate openmg. 

26. The chamber of Clakn 21, wbersui saM plate b made of quartz and said ring and said susceptor 
are made of graphite with a siKcon carbkie coatmg. 
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27. A quartz chamber for processing semiconductor wafers having a gas inlet end and a gas exhaust 
end, and having a longitudinal direction defmed between said ends, said chamber comprising: 

outwardly convex upper and lower wals; 

reinforced side raSs attached to lateral edges of said waRs to define a generally lenticular outer 
shape perpendicular to said longitudinal direction having a major dimension across said side raHs and a minor 
dimension across apexes of said upper and lower walls; and 

one or more supports positioned entirely within said chamber and connected to restrict said convex 
wans from flattening during reduced-pressure processing within said chamber. 

28. The chamber of Claim 27, wherein said support is a plate attached to said side rails dividing an 
interior space of said chamber into an upper and a lower region. 

29. The chamber of Clann 28, wherein saU plate is attached to said side rails at locathms such that 
said upper and a lower regions are symmetric. 

30. The chamber of Claim 29, wherem each of said sUe rails includes short laterally extending stub 
walls extending longitudinally from said inlet end to said exhaust end, one of each said stub waDs attached to sahl 

15 upper and lower wails and one attached to said plate, each of said side rails inchiding rounded recesses between 
said stub wails defining lateral boundaries of said upper and lower regions. 

31. The chamber of Claim 28, wherein said plate includes an aperture sized to recehre a susceptor 
for supporting a wafer in said upper region. 

31 The chamber of Claim 31, including a plurality of support rods attached to said plate for supportmg 
20 a temperature sensing means around the periphery of the susceptor. 

33. The chamber of Claim 32, wherein said temperature sensing means includes a rmg housing a 
sensing end of a thermocouple. 

34. The chamber of Claim 28, wherein said gas inlet end comprises a flange having a gas inlet slot 
open to said upper region which defines a wafer processing zone. 

25 35. The chamber of Claim 28, wherein said gas inlet end comprises a flange having a gas inlet slot 

open to said lower region, wherein the lower region defines a zone below the support plate in which no wafer 
processing is done. 

36. The chamber of Claim 28, including support elements attached to said plate for supporting a ring 
to be positmned around the susceptor. 
30 37. The chamber of Claim 28, wherein said gas exhaust end comprises a flange having a first gas 

exhaust slot open to said upper region and a second gas exhaust slot open to said lower region. 

38. The chamber of Claim 37, wherein said plate inchides a phirality of support rods attached thereto 
extending beneath said aperture, a ring surrounding the susceptor and supported on said rods, said ring being formed 
to house a sensing end of a ttermocouple extending into said chamber through said second gas exhaust slot. 
3S 39. A method of manufacturing a chamber, suitable for processing semiconductor wafers comprising 

the steps of: 
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Joining an inlet end fhnge and an outlet end flange to two paraOel side rab to define a generally 
rectangular space; 

positioning a plate in said space extending between said flanges and said rails; 
joining the plate to said side rails and said end flanges; 
5 joining an upper outwardly curved wall to said rails and said flanges to form an upper region above 

said plate; and 

joining a lower outwardly curved wall to said rails and s«d flanges to form a lower region below 
said plate, said chamber having a dimension across said side rails greater than the dimension across apexes 
of said upper and lower walls. 

"'^thod of Claim 39, wherein said step of jolnbig said plate comprises joining a frst section 
of said plate between said side rails and acTjacent said inlet flange, and joining a second section of said plate 
between said side rails and adjacent said outlet flange, said sections defming an opening therebetween sufTwient to 
receive a susceptor for supporting a semiconductor wafer. 

41. The method of Claim 40, comprising a step of joinnig support elements to both said miet and 
15 outlet sections of said plate, adjacent said opening and adapted to support a temperature sensmg means positioned 

around the susceptor. 

42. The method of Claim 39, wherein said waBs and said rails are made of quartz and said steps of 
joining comprise quartz welding. 

43. The method of Clann 42, further including intermittent steps of annealing between said steps of 
20 welding to reduce internal stresses within the respecthre elements comprising said chamber. 

44. The method of Claim 43, including fire poOsbing said chamber to smooth the surface of said 

quartz. 

45. A system for processing semiconductors, comprising: 

a lenticular quartz chamber having upper and lower outwardly convex walls and an internal central 
support positioned and constructed to resist flattening of said walls when the chamber is subjected to an 
internal pressure less than external pressures. 

en openmg formed in said plate sized to recehre a susceptor for supportmg a semiconductor wafer; 

a tube depending from said lower waD below said opening; 

a rotation shaft extending through said tube and having an upper end adapted to support said 
30 susceptor; 

a plurality of radiant heating lamps positioned above and below said chamber for heating said 
susceptor; 

a gas inlet into saU chamber above seid plate; and 

a gas outlet from saM chamber above said plate; and located on the opposite side of said 
35 susceptor from sen! inlet 

48. The system of Claim 45, comprising: 
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a plurality of support fingers attached to said plate and extending beneath said opening; end 
a separate ring sized to fit within said opening and sized to receive and surround said susceptor, 
said ring being supported by ssid fingers. 

47. The system of Claim 48, wherein said opening b rectangular with rounded comers. 

48. The system of Claim 47, wherein said ring has a circular inner diameter and a rounded rectangular 
outer shape conforming ctosely with sahl rounded rectangular opening. 

49. The system of Cleim 45, inchiding a purge gas inlet into said chamber below said plate and a 
purge gas outlet from said chamber below said plate. 

50. The system of Claim 45, wherein said chamber includes an inlet flange contaning said gas inlet, 
and a gas injector engaging said inlet flange and bicluding a pluraity of gas inlet passages leadmg to said chamber 
inlet, and a plurafity of individuat metermg valves controlfing flow through said passages. 

51. An apparatus for chemical vapor deposition, comprisiiqi: 

walls defming a deposition chamber having a deposition gas inlet at an upstream end and a gas 
outlet on a downstream end; 

a susceptor horizontally positioned in the chamber between the gas infet and the ges outbt for 
receding a semiconductor substrate for vapor deposition purpose^ 

a ring surrounding the susceptor; and 

a horizontally oriented plate positioned m said chamber between the susceptor and said gas outtet, 
said plate extending laterally, generalhr paraDel to the susceptor and extendmg across the chamber ebout 
the width of the susceptor. said chamber walls being generally transparent to radiation energy, and said 
plate and said ring being good absorbers of radiation energy. 

52. The apparatus of Claim 51, wherein an upstream edge of the plate generally conforms to the 
shape of a downstream edge of the ring. 

53. The apparatus of Clahn 51, wherem the vertical height of said chamber is greater downstream 
from the susceptor than it is iqistream from the susceptor. and said plate is positioned substantially horizontally 
aGgned witii the susceptor. 

54. A v^or deposition apparatus Bichnfing a quartz deposition chamber having a susceptor positioned 
therein between a chamber gas fh»w inlet and outlet, e metiiod of minimizing deposition on walls of the chamber 
between the susceptor and tin outlet comprishig positionbig a plate bi ti» chember between tiie susceptor and die 
chamber gas outlet, with the plate extending generaly paralel to tin susceptor and the general plane of a wafer 
to be positioned on the susceptor, said plate bemg formed of a material which efficiendy absorbs heat at a much 
greater extent dien tiie wbDs of the chamber, whereby deposition gases flow'mg past the susceptor and the ring are 
attracted to the heated plate much more readSy than to tin cooler chamber walls. 

55. The apparatus of Clabn 54, wherem said plate extends approximately to sold outieL 
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56. ThB apparatus of Claim 54, inchiding radiant iieatiiig lamps exterior of said chamber and extending 
above said plate, with a plate end that extends toward the gas outlet terminating at about the same downstream 
position as the lamps. 

B7. An apparatus for use in a chemieal vapor deposition chamber comprising a temperature 
compensation ring having an interior edge defintag a generaRy circular opening for receiving a susceptor adapted to 
support a semiconductor wafer, said ring having a generally rectangular exterior edge with rounded exterior comers 
to fit within a similarly sized opening m the chamber. 

58. The apparatus of Clain 57, wherein said ring has a leading edge and a trailBig edge and a pair 
of exterior side edges, the shortest distance between the leadng exterior edge and the interior edge b less than the 
shortest distance between the traffing edge and the biterior edge. 

59. The apparatus of Claim 57, whereto said rng is mada of graphite. 

60. The apparatus of Claim 57, including a generally circular susceptor positioned withm said ring. 

61. The apparatus of Claim 57, wheren said ring has an iraier, pneraly amiular hoOow portion 
adapted to receive one or more temperature sensors. 

61 The apparatus of Claim 61. wherein said chamber has a gas inlet on an upstream end and a gas 
outlet on a downstream end. and said ring has a non-hoDow, generaliy flat leading edge portion extendtog upstream 
from said hollow portion and a non^ollow, generally flat trailing edge portion extending downstream from the hobw 
portmn. 

63. An apparatus for use in a chemical vapor deposition chamber, comprising a heat-absorbing ring 
havmg an interior edge defining a generally circular opening for receiving a susceptor, said ring having an inner, 
ganeraBy annular hoOow portion adapted to receive one or more temperature sensors, said chamber having a gas inlet 
on an upstreem end end a gas outlet on a downstream end. said ring having a non-hoOow. generaliy flat leading edge 
portnm extending upstream from said hoUow portion and a non-hoflow, generally flat trailing edge portion extemling 
downstream from the holow portion. 

64. The epparatus of Clatoi 63, whereto said ring has rounded exterior corners. 

65. An apparatus for use to a chenricel vapor deposition chamber, comprising a heat-absorbing ring 
havtog an toterior edge defintog a generally circular openmg for receivtog a susceptor. said ring having an mner. 
generally anmilar hollow portton adapted to receive one or more temperature sensors and havmg a generally 
rectangular miter edge. 

66. An apparatus for chemical vapor deposition, comprising: 

walls deftotog a deposition chamber havtog a chamber gas totet on an upstream end and a gas 
outlet on a downstream end; 

a generaly harizontal quartz tokt wal extending from said inlet to a downstream edge defMng 
part of an opentog for recdvtog a susceptor; 

a generally circutar susceptor horizontaly poshloned to said openmg for receivtog a semiconductor 
substrate for vapor deposition purposes; and 
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a sacrificial quartz plate having a hortiontal portion and a vertical lip extending into said opening 
closely adjacent to said inlet waH downstream edge to minimize vapor deposition on and devitrification of 
said downstream edge. 

B7. The apparatus of Claim 66, wherein the horizontal portion of the quartz plate rests on said 
horizontal wall. 

68. The apparatus of Claim 66, wherein a portion of said opening defimid by said downstream edge 
is curved and said vertical lip is similarly curved and sized to protect one portion of said downstream edge, and 
wherein a second sacrificial quartz plate is provided which is a mirror image of said first sacrificial quartz plate to 
protect a second portion of said downstream edge. 

69. The apparatus of Claim 66. wherein said sacrificial plate is supported beneath the inlet wall and 
its vertical Hp extends upwardly adjacent the downstream edge of said hiet waH 

70. The apparatus of Clann 66, wherein the horizontal portion of said sacrificial plate b m the form 
of a tray that extends beneath the susceptor and has a central hole for receiving a shaft rotatabiy supporting the 
susceptor. 

7t. The apparatus of Claim 66, inchiding a temperature compensation ring in said opening surroundtag 
the susceptor with a sfight gap between the exterior of the ring and the downstream edge of the inlet wal formmg 
said openoig, said sacrificial plate vertical Gp extending into said gap. 

72. The apparatus of Claim 71, wherein said Inlet waB downstream edge includes a generally straight 
central portion with concave curved edge portions, said ring has a generally rectangular exterior edge with an 
upstream portion that conforms to the shape of said inlet waD downstream edge, said sacrificial plate vertical fip 
being farmed to conform to the shape of said downstream edge of the miet wall and the upstream edge of said ring. 

73. The epparatus of Claim 71, wherein said sacrificial plate is positioned beneath said rmg with its 
vertical fip extending upwardly Into the gap between the ring and the downstream edge of the inlet wall, and the 
sacrificial plate further inchidmg a horizontal flange extending from the upper edge of the vertical wail and upstream 
over a portion of said inlet waL 

74. The apparatus of Claim 71, induding a generally horizontal quartz outlet waH extending 
downstream from said temperature compensation ring towards said gas outlet and an upstream end of the tray is 
supported beneath the downstream edge of said Inlet wall, and a downstream edge of said tray is supported beneath 
sahi outlet wall 

75. An apparatus for chemical vapor deposition, comprismg: 

walls defining a deposition chamber having a chamber gas inht on an upstream end and a gas 
outlet on a downstream end; 

a generally horizontal quartz mIet waH ntending from sanl inlet to a downstream edge defnnig 
part of an opentag for recehring a susceptor; 

a generally horizontal quartz outlet waB extending from said outlet to an upstream edge def oibig 
part of said opening for recehdng the susceptor; 
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a generaHy circular susceptor horizontally positioned in said opening for receiring a semiconductor 
substrate for vapor deposition purposes; and 

a sacrificial quartz plate surrounding tiie susceptor and positioned adjacent botli the downstream 
and upstream edges, the plate having an outer shape which confomn with the opening to protect the 
. downstream and upstream edges from devitrification from repeated thermal cycling of tlie reaction chamber. 

76. The apparatus of Claim 75. including a circular temperature compensation ring surrounding the 
susceptor, wherein the saaificial quartz plate has an inner diameter which closely conforms with the outer diameter 
of the rmg. 

77. The apparatus of Claim 75. wherein the opening has a rounded rectangular shape ami the 
sacrificial quartz plate has an outer shape which closely confonns to the opening with a minmrnm of clearance 
therebetween. 

78. The apparatus of Claim 75. inchiding support elements attached to the mbt ami outlet wals for 
supporting the sacrificial quartz plate. 

79. A method for use in connection with a chemical vapor deposition chamber having a quartz 
horizontal inlet wall with a downstream edge defining a portion of an opening in which is positioned a horizontally, 
extending susceptor adapted to receive a substrate for purposes of chemical vapor deposition, the method comprising 
the step of positioning a sacrificial quartz plate between the downstream edge of said miet wall and said susceptor 
to minimize the vapor deposition on, and the devitrification of, the downstream edge of the Met watt. 

8a The method of Claim 79. including the step of surrounding the,suscBptor with a temperature 
compensation ring a portion of which extends between the susceptor and the downstream edge of said inlet wall 

81. The method of Claim 80. inchiding the step of positioning a vertical lip of said sacrificial plate in 
a gap between the temperature compensation ring and the downstream edge of the inlet waB. 

82. "nwiMthodof Claim 81. hchiding the step of providing B short horizontally extending flange on 
the upper edge of said vertical ip witii the flange extending upstream over the downstream edge of said inlet well 

83. An apparatus for processing semiconductor substrates, comprising: 

a pa^ of curved wals each having a convex exterior surface and a concave interior surface with 

tin concave sivfaces fecfaig each otiier; 

connector walb joining edges of said curved wals to create an interior space; and 

a generally rectangular plate extemiing between and affued to said connector walls to resist 

fiattenhg deformation of said curved walls when tin curved web are subjected to en external pressure 

greater tiian pressure within tin space. 

84. A fflsdiod of improving the wafer heating efficiency of a chemical vapor deposition chamber, the 
chamber having substantially radiation transparent outer waDs defining a gas inlet and a gas outiet. and being sized 
to enclose a susceptor on whteh a wafer can bo positiomid between tiie inlet end outiet, the method comprising the 
stqis of: 
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•ay- 
surrounding the susceptor wttb a heat-absorbent ring having an outer generally rectangular 
perimeter including straight shies, the ring being constructed such that the susceptor Is positioned off-center 
within the perimeter toward the gas inlet and 

radiating heat energy from a phiraDty of lamps in a bank sized to approxnnately conform to the 
5 projected shape of said perbneter so that substantiaOy aD of the energy radiated directly into the chamber 

impinges on the area withni said perimeter and is absorbed by the wafer, susceptor and ring structure. 

85. The method of Claim 84, wherein the outer walls of the chemical vapor depositton chamber mctade 
a pair of curved walls each heving a convex exterior surface and a concave interior surface with the concave 
surfaces facing each other, and connector walls joining edges of said curved walls to create an mterior space wtthm 

10 which the wafer on the susceptor is positioned, the method further inchidmg the step of: 

positioning the ring within an openmg m a generally rectangular plate extending between and 
affixed to said connector waOs. 

86. The method of Claim 84, including the steps of: concentrically positioning the 

susceptor whhin an annular portion of 
the ring defining a circular opening; and 

locating a temperature sensor on the annular portion of the ring; and 
sensing the temperature at a peripheral edge of the susceptor with the sensor. 

87. A chemical vapor deposition apparatus, comprising: 
a chamber having an area for horizontal positioning of a substrate, and having chamber wails for 

i 

conducting a flow of gas across an upper surface of the substrate, said chamber having a gas inlet 
extending generally laterally across the width of the chamber; and 

a gas mjector including a plurafity of gas supply passages, a gas inlet manifold connected to each 
of said passages, a separately adjustable metering valve controlling flow through each of said passages, 
each of said passages having an outlet portion configured to cause the gas flow through the passage to 
2^ *verge lateraDy mto a generally flat gas stream separated from adjacent streams, said injector further 

including waHs that direct the gas streams in edge-to-edge relation towards said chamber gas inlet without 
partitions between the streams so that an edge of any one stream can mix with at least one edge of an 
adjacent stream. 

88. The apparatus of Claim 87, wherein said injector includes an opening through whteh a substrate 
may be biserted into said chamber, and wherein said gas streams enter said chamber through the wafer insertion 
opening. 

88. The apparatus of Claim 87, wherein said bijector walls form an outlet sfit that extends laterally 
to produce a ribbon of gas flow that enters said chamber and flows across said substrate. 

80. The apparatus of Claim 88, whereni said gas outlet sBt opens into said substrate insertion openmg. 
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•SB- 
SI. The apparatus of Ciarm 87. wherein said passages are verticaDy oliented and are spaced laterany 
from each ether, and said outlet portion of each of said passages is configured to direct the gas flow away from 
the chamber inlet, and said walls then direct the gas flow downwardly and towards the chamber Inlet. 

92. The apparatus of Claim 91, wherein said injector Includes a rearward section sandwiched between 
a forward section and a forward surface of said chand»r, with said passages being formed in said rearward section, 
and the wans directing the gas flow are formed In saa forward section ef said Bijector. 

93. The apparatus of Claim 92. wherein said forward section inchides a fip that protrudes beneath 
and is closely spaced below a portion of said rearward injector section to define a thin, fateraiy eitendhig ^ 
through which said gas flows toward said chamber. 

94. The apparatus of Claim 93, wherein said injector (nchnfes an opening through which substrates 
are inserted mto said chamber, with said slit leading to said openlig. 

95. The apparatus of Claim H wherein saa sit directs the gas flow towards said chamber and the 
substrate positioned therein. 

96. A method of injecting a gas flow over a substrate in a chemical vapor depositnn apparatus to 
improve uniformity of deposition, the apparatus inchiding a chamber having an area for horiiontal positioning of tha 
substrate and chamber wails for conducting the gas flow across an upper surface of the substrato, saa chamber 
having a gas inlet extending generaOy bteraHy across the wath of the chamben anil tha method comprising the 
steps of: 

providing gas from a common source to a plurality of valves in a gas injector position adjacent 
the gas inlet; 

metering the gas through the vahres into a plurality of gas passages; 

directing the gas mto expansion chambers connected to each of saa passages, to cause the gas 
to diverge laterally mto generally flat gas streams separated from adjacent streams; and 

expeing the gas streams in edge-to edge relation towards saa chamber gas inlet without 
partitions between the streems so that an edge of any one stream can mix with at least one edge of an 
adjacent stream. 

87. The method of Claim 96, wherein saa step of directing comprises tummg the gas at least SO" 
before saa step of expdiing. 

98. The method of Claim 97, wherein the gas injector passages are arranged vertically and saa step 
of directing comprises turning the gas approxhnately 90» to ftow away from saa chamber and turning the gas 
approxhnately 180« to ftow generally toward the chamber prior to saa step of expelGng. 

99. The method of Ciairo 96, wherein said step of oxpelSng comprises oxpeHIng the gas streams 
through sGts narrower than saa chambers to form a contmuons ribbon of gas to saa chamber. 

100. The method of Chnn 96, further hchuHng the step of confining saa edge-to-edge gas streams from 
substantially expandng for a predetomiined distance between saa gas njector and saa substrate. 
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101. The method of Claim 100, wherein said step of confining includes converging said edge-to^dge 
gas streams from a first width to a second, smaller width. 
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